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INTRODUCTION 
The primary goal of most selection programs for 
livestock species, is to maximize the rate of genetic 
progress for economically important traits. However, much of 
the variation attributable to a record (phenotype) is 
environmental in nature and may be accounted for by use of 
appropriate adjustment factors. Adjustment of performance 
records for known sources of variation is widely used prior 
to genetic evaluation of many commercially produced livestock 
species. Statistical adjustment of performance records 
allows animals to be evaluated on an equal basis by reducing 
or eliminating known sources of environmental variation. 
Thus, genetic evaluation and subsequent selection decisions 
made by the breeder are more accurate. 
Historically, sheep producers in the U.S. have not had 
an organized performance or genetic evaluation program 
available for use to select replacement breeding animals or 
to cull poor performing animals. During the early 1980s 
various groups including the Sheep Industry Development 
Research and Education Priorities Task Force, NC-111 
Technical Committee for Sheep Research, and the National Wool 
Growers Association's Breed Improvement Committee began 
calling for the development of a national performance 
program. In 1984 a task force of purebred and commercial 
producers, and technical advisers from extension and 
research, was formed to begin development of the National 
Sheep Improvement Program (NSIP). Iowa State University was 
designated as the processing center and was given the 
responsibility to develop the program under the direction of 
the NSIP board of directors. The first records were 
processed at Iowa State University in the fall of 1987. The 
program has grown steadily and currently includes flocks from 
27 pure breeds and 45 states in the U.S. The NSIP currently 
performs genetic evaluations of growth (weight) at six 
individual ages including 30, 60, 90, 120, 180, and 365 days. 
The NSIP also performs genetic evaluation of two maternal 
traits: number of lambs born, and pounds of lamb weaned. A 
genetic evaluation of birth weight is not currently being 
conducted. However, birth weights are recorded by a majority 
of the producers participating in the program. 
The adjustment of weaning weight records for sheep is 
similar to adjustment procedures used for beef cattle breeds. 
However, there are several distinct differences. 
Specifically, sheep producers do not have a common weaning 
age reference point, such as the 205-d weight used by beef 
cattle breeds in the U.S., and sheep commonly have multiple 
births per parity which introduces an additional source of 
variation to lamb weaning weight that does not pertain to 
beef cattle. Additionally, the variety of sheep breeds in 
the U.S. is much more extreme than the variety of beef cattle 
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breeds with regard to mature size, multiple births, maternal 
versus paternal breed designation, and the production of wool 
and meat. For example, mature size ranges from 45 kg to 180 
kg, ewe prolificacy, across breeds, varies from 1.0 to 1.2 
lambs per ewe to over 3.0 lambs per ewe, and wool character 
varies from fine wool to hair (SID, 1987). 
Many flocks in the U.S. are selected primarily for 
increased wool production with secondary emphasis on 
performance. Consequently, individual breed or breed by 
environment, or flock specific adjustment factors should be 
used wherever possible to remove sources of variation such as 
sex of lamb, age-of-dam, and birth/rearing classification. 
Currently, few of the breeds in the NSIP have adequate 
representation to make the estimation of specific breed 
adjustment factors feasible. The median flock size for 
flocks participating in the NSIP is approximately 33 breeding 
ewes, consequently, flock specific adjustment factors are not 
feasible for most flocks and not computationally practical 
for the larger flocks enrolled in the program. The six 
breeds with the largest current representation in the NSIP 
were Columbia, Dorset, Hampshire, Polypay, Rambouillet, and 
Suffolk. These breeds were combined into two breed type 
categories based on mature size, relative performance, and 
maternal versus paternal breed designation. The breed type 
categories were designated large and small, with the large 
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breed type including the Columbia, Hampshire, and Suffolk 
breeds and the small breed type including the Dorset, 
Polypay, and Rambouillet breeds. 
The adjustment factors currently used by the NSIP to 
adjust for the effects of sex, age-of-dam, and birth/rearing 
classification are multiplicative and are a combination of 
factors estimated by; Hotter et al. (1975) using pooled 90-d 
weights from lambs of seven breeds in the Ohio Sheep 
Production Testing Program; Martin et al. (1980) using 
repeated measures of lamb weight at 4, 8, 12, and 16 weeks of 
age from a synthetic line developed in Europe; and by the 
United States Department of Agriculture (USDA, 1968). 
However, these factors are not specific for individual 
weaning age, such as 30, 60, or 90 days, and do not 
adequately account for the effects of sex, type-of-
birth/rearing, and age-of-dam. Therefore, the primary 
objective of this study were to estimate adjustment factors, 
using data collected by NSIP, for sex of lamb, age-of-dam, 
and birth/rearing type, by breed type, for the following 
traits: 
- birth weight, 
- weaning weight at 30 days, 
- weaning weight at 60 days, 
- weaning weight at 90 days, 
- number-of-lambs-born, 
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- kilograms-of-lamb-weaned per ewe at 30 days, 
- kilograms-of-lamb-weaned per ewe at 60 days, and 
- kilograms-of-lamb-weaned per ewe at 90 days. 
Secondary objectives of the study were to evaluate the 
adjustment of weaning weight at 30, 60, and 90 days to an age 
constant basis to determine the optimal range in age for 
recording 30-d, 60-d, and 90-d weaning weight, and to 
evaluate the impact of missing birth weights on the 
adjustment of weaning weight to an age constant basis. 
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REVIEW OF LITERATURE 
Sources of Environmental Variation 
Introduction 
Several environmental sources of variation are known to 
affect lamb birth and weaning weight, including sex, 
birth/rearing type, age-of-dam, flock, year, season, and 
breed. These effects are well documented in the literature. 
Of primary importance to this study is the variation 
attributable to sex of lamb, age-of-dam, and type-of-
birth/rearing, therefore, the following discussion will be 
limited to these effects. 
Sex 
The effect of sex on birth weight has been reported by 
various researchers. For most trials, the effect of sex has 
consistently been found to be a significant source of 
variation with male lambs heavier at birth than female lambs 
(Nelson and Vankatachalam, 1949; Blackwell and Henderson, 
1955; Starke et al., 1959; Jamison et al., 1961; Sanchez and 
Munoz, 1963; Smith and Lidvall, 1964; Sidwell et al., 1964; 
Lai et al., 1966; Sidwell and Miller, 1971b; Martin et al., 
1980). Generally, the literature suggests that ram lambs are 
5% to 8% heavier at birth than ewe lambs. However, Bogart et 
al. (1957) and Neville (1958), in studies involving crossbred 
lambs found no significant differences for sex at birth. 
Sex is an important source of variation in weaning 
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weights of lambs, with ram lambs being significantly heavier 
at weaning. Lai et al. (1966), Peterson (1967), and Haugen 
(1970) found a significant effect of sex on weaning weight at 
30 days. Sidwell et al. (1964), Sidwell and Miller (1971b), 
Peterson (1967), and Haugen (1970) found a significant sex 
effect for lambs weaned at 90 days. Other researchers have 
reported significant sex effects for weaning weight at 
various ages (Hazel and Terrill, 1945; Hazel and Terrill, 
1946; Ch'ang and Rae, 1962; Osman and Bradford, 1965; Thrift 
and Whiteman, 1969; Hight and Jury, 1971; Baker et al., 1974; 
Martin et al., 1980; Fitch, 1989; Lewis et al., 1989; Newman 
et al., 1983). Hotter et al. (1975), using data from seven 
pure breeds found a 2.45 kg (11%) advantage for male lambs 
over female lambs weaned at 90 days. The breeds included in 
this study were Columbia, Corriedale, Dorset, Hampshire, 
Shropshire, Southdown, and Suffolk. Sidwell and Miller 
(1971b) using four pure breeds; Hampshire, Targhee, Suffolk, 
and Dorset, and a synthetic line composed of Columbia, 
Southdown, and Corriedale breeds found a 2.4 kg (9%) 
advantage for male lambs over female lambs weaned at 
approximately 90 days. Haugen (1970) using Suffolk and 
Columbia breeds found a .84 kg (6%) and 3.00 kg (10%) 
advantage for rams over ewes at 30 days and 90 days, 
respectively, and a .65 kg (5%) and 1.64 kg (6%) advantage 
for wether lambs over ewe lambs at 30 and 90 days, 
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respectively. Generally, reports in the literature indicated 
ram lambs had a 9-12% advantage over ewe lambs and wether 
lambs had a 3-8% advantage over ewe lambs, for weaning 
weight. 
Tvpe-of-birth/rearina 
The effect of type-of-birth on birth weight and the 
effect of type-of-birth/rearing on weaning weight is well 
documented in the literature and is considered to be a very 
important source of environmental variation (Hazel and 
Terrill, 1945; Hazel and Terrill, 1946; DeBaca et al., 1954; 
MacNaughton, 1956; Bogart et al., 1957; Rempel et al., 1959; 
Starke et al., 1959; Shelton and Campbell, 1962; Ch'ang and 
Rae, 1962; Jamison et al., 1961; Sanchez and Munoz, 1963; 
Sidwell et al., 1964; Smith and Lidvall, 1964; Yalcin and 
Bichard, 1964; Lambe et al., 1965; Osman and Bradford, 1965; 
Harrington and Whiteman, 1967; Vogt et al., 1967; Sidwell and 
Miller, 1971a; Hotter et al., 1975; Oison et al., 1976; 
Newman et al., 1983; Laslo et al., 1985; Pitch, 1989; Lewis 
et al., 1989). Haugen (1970) using Columbia and Suffolk 
breeds, reported that single born lambs were .83 kg (17%) 
heavier at birth than twin born lambs. Sidwell and Miller 
(1971b) reported that single born lambs were .98 kg (24%) 
heavier at birth than twin born lambs. Martin et al., (1980) 
reported a 17% and 33% advantage in birth weight for single 
born lambs over twin and triplet born lambs, respectively. 
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In summary, reports in the literature suggested the advantage 
in weight at birth, for single born lambs over twin born 
lambs ranged from 15-24%. The advantage of single and twin 
born lambs over triplet born lambs for birth weight was not 
well documented. 
At weaning, Sidwell and Miller (1971b) reported an 
advantage of 2.2 kg (9%) for single born and reared lambs 
(S/S) over twin born and reared lambs (T/T) and an advantage 
of .7 kg (3%) for single born and reared lambs over lambs 
born a twin and reared as a single (T/S), for lambs weaned at 
approximately 90 days. Haugen (1971) reported that S/S lambs 
had an advantage of 3.45 kg (29%) and 2.68 kg (21%) over T/T 
and T/S lambs, respectively, for lambs weaned at 30 days. 
Haugen (1971) also found an advantage of 3.77 kg (13%) and 
5.55 kg (20%) for S/S over T/T and T/S lambs, respectively, 
for lambs weaned at 90 days. Hotter et al. (1975) reported 
effects of type-of-birth and type-of-rearing separately, and 
found that type-of-birth accounted for a much larger portion 
of the variance in weaning weight than did type-of-rearing. 
They reported a 3.25 kg (13%) at 90 days and 5.16 kg (23%) 
advantage for single born lambs over twin and triplet born 
lambs, respectively, and a 1.20 kg (4.6%) and 4.60 kg (20%) 
advantage for single reared lambs over twin and triplet 
reared lambs. Fitch (1989) reported an advantage of 5.73 kg 
(17%) and 6.14 kg (19%) for single born lambs over twin and 
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triplet born lambs, respectively, for Targhee lambs weaned at 
120 days. 
Generally, it was concluded in the literature that 
weaning weight consistently decreased as type of birth and 
rearing increased and the amount of variation in weaning 
weight attributable to type-of-birth and rearing decreased as 
age at weaning increased. The superiority of single born 
lambs over twin and triplet born lambs varied in the 
literature, but decreased significantly as age at weaning 
increased. 
Aae-of-dam 
Age-of-dam had a significant effect on lamb birth and 
weaning weight and is well documented in the literature 
(Hazel and Terrill, 1945; Hazel and Terrill, 1946; Blackwell 
and Henderson, 1955; MacNaughton, 1956; Jamison et al., 1961; 
Ch'ang and Rae, 1962; Shelton and Campbell, 1962; Sidwell et 
al., 1964; Smith and Lidvall, 1964; Yalcin and Bichard, 1964; 
Osman and Bradford, 1965; Lai et al., 1966; Lambe et al., 
1965; Bassett et al., 1967; Fredericksen et al., 1967; 
Peterson, 1967; Thrift and Whiteman, 1969; Haugen, 1970; 
Hight and Jury, 1971; Sidwell and Miller, 1971b; Hotter et 
al., 1975; Olson et al., 1976; Eikje and Johnson, 1979; Jury 
et al., 1979; Martin et al., 1980; Laslo et al., 1985; Fitch, 
1989; Lewis et al., 1989). Most studies in the literature 
found a significant difference between ewes two years of age 
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or less and mature ewes, for birth and weaning weight. Older 
ewes, approximately 6-10 years of age, also tended to produce 
lambs with lighter birth and weaning weights in most studies. 
However, overall age-of-dam effects decreased as age at 
weaning increased. In general, the literature suggested that 
age-of-dam effects are curvilinear with maximum birth and 
weaning weights occurring when ewes are 4 and 5 years of age. 
Ewe Productivity 
Prolificacy 
The influence of age-of-dam on number of lambs born has 
been reported by Long et al. (1989), Dickerson and Glimp 
(1975), Basuthakur et al. (1973), Glimp (1971), Eikje (1971), 
Sidwell and Miller (1971a), Vakil et al. (1968), and Sidwell 
et al. (1962). Average number of lambs born increased with 
age of ewe in each of these studies from one year of age to 
three or four years of age. In most studies the average 
number of lambs born did not differ between ewes greater than 
four years of age. However, Dickerson and Glimp (1975) 
reported a decrease in prolificacy of 25% between ewes six 
and nine years of age. Sidwell and Miller (1971a) also 
reported a decrease in prolificacy for ewes greater than 
eight years of age. In general, these studies reported an 
increase in average prolificacy of .2 - .3 lambs from ewes 
one year of age to three or four years of age, for a total 
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increase in average number of lambs born from one year of age 
to maturity of .5 - .8 lambs. 
Kiloarams-of-lamb-weaned 
The influence of age-of-dam on total weight of lamb 
weaned is not well documented in the literature. Long et al. 
(1989), Fitch (1989), Basuthakur et al. (1973), and Sidwell 
and Miller (1971c) all reported significant differences in 
kilogram of lamb weaned per ewe lambing. These studies found 
a significant increase in kilogram of lamb weaned from two 
years of age to four years of age. Differences between ewes 
four years of age and older were variable and inconsistent. 
Comparisons involving yearling ewes were not reported by 
these researchers. In contrast, Stobart et al. (1987), in a 
study involving range ewes, found no significant differences 
in total weight of lamb weaned for ewes two, three, and four 
years of age. 
Adjustment Factors 
Current factors 
The weaning weight adjustment factors used by NSIP for 
sex of lamb, type-of-birth/rearing, and age-of-dam are a 
combination of completely multiplicative factors estimated by 
Notter et al. (1975), Martin et al. (1980), and the USDA 
(1968). Records produced by yearling ewes are adjusted using 
the factors estimated by Notter et al. (1975). The remaining 
adjustments were derived from the average of the factors 
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cited above. 
The adjustment factors estimated by Hotter et al. (1975) 
were estimated from data provided by the Ohio Sheep 
Production Testing Program collected from 1969 through 1971. 
The data included 90-d weaning weights from 7166 purebred 
lambs of seven breeds; Columbia, Corriedale, Dorset, 
Hampshire, Shropshire, Southdown, and Suffolk and was 
collected primarily from farm-flocks in Ohio. 
The factors developed by Martin et al. (1980) were 
estimated from a synthetic line developed from four pure 
breeds; Finnish Landrace, East Friesian, Border Leicester, 
and Dorset Horn. Development of the line began in 1967 and 
selection within the line was strictly for 8-week litter 
weight. Adjustment factors were estimated using data from 
2120 lambs for the years 1971-77. 
Lewis et al. (1989), using 120-d weaning weights 
collected from three Rambouillet research flocks in Texas, 
estimated adjustment factors using 1,431 records from the 
years 1980-85. These factors were then contrasted with the 
USDA factors, the factors estimated by Hotter et al. (1975) 
(OHIO) and the factors used by the NSIP. The OHIO and NSIP 
adjustment factors failed to effectively remove the effect of 
sex for 120-d weaning weight and none of the three adjustment 
factors adequately removed the variation attributable to 
type-of-birth/rearing. The OHIO factors also failed to 
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adequately account for the effect of age-of-dam. Lewis et 
al. (1989) concluded that additive age-of-dam adjustment 
factors with multiplicative sex and birth/rearing factors 
were appropriate for this data set. 
Lewis et al. (1989) also studied the effect of 
particular adjustment factors on lamb rank. Using selection 
intensities of 5% and 30% for rams and ewes, respectively, 
they concluded that lamb rank varied little between the 
factors and that differences in the adjustment factors had a 
larger effect on the calculation of adjusted weights than on 
selection decisions among lambs. 
Additive versus multiplicative factors 
Two types of adjustment factors, additive and 
multiplicative, are typically used to adjust for known 
sources of variation in weaning weights of beef cattle and 
sheep. Specifically, adjustment factors should: 
1) equalize subclass means, 
2) equalize subclass variances, and 
3) account for important interactions between 
environmental effects. 
Both types of adjustments effectively equalize the means of 
the adjusted subclasses, however, multiplicative factors 
increase or decrease the variance in proportion to the square 
of the ratio used. Additive factors do not change the 
variance of the adjusted subclasses. 
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The adjustment factors for sex, type-of-birth/rearing, 
and age-of-dam currently used by the NSIP and those estimated 
by Notter et al. (1975) and Martin et al. (1980) are 
multiplicative. Notter et al. (1975) and Martin et al. 
(1980) concluded that multiplicative factors were appropriate 
primarily because of large flock and year differences in 
their respective data sets. Martin et al. (1980) found no 
significant interactions. However, Notter et al. (1975) 
found a significant interaction between age-of-dam and type 
of rearing for three of the seven breeds in the study. 
Conversely, Lewis et al. (1989) concluded that additive 
age-of-dam adjustment factors were more appropriate than 
multiplicative factors, because of homogenous variation among 
subclasses. They did concur that multiplicative factors 
should be used for sex and type-of-birth/rearing. No 
significant interactions were found between the main effects 
in this study. 
Eikje and Johnson (1985) compared nine methods of 
adjustment for the effects of age-of-dam, sex, and type-of-
birth/ rearing, using data from 12 flocks enrolled in the 
national flock recording service in New Zealand. The data 
included 22,842 weaning weight records, over six years from 
1968 to 1973. They concluded that the effectiveness of the 
different methods varied little, but, that combined additive 
and multiplicative or completely multiplicative procedures 
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were most appropriate. 
In a similar study, Cundiff et al. (1966), using 13,937 
Hereford and Angus beef cattle weaning weights collected from 
1959 through 1962, concluded that additive age-of-dam 
adjustment factors were most appropriate. They also 
recommended that multiplicative adjustment factors be used 
for sex of calf. 
Nelson and Kress (1981), using 5902 Angus and 5950 
Hereford weaning weight records, evaluated additive versus 
multiplicative factors for sex and age-of-dam by comparing 
the effects of the different adjustment factors on herd x 
sex, herd x age-of-dam, and sex x age-of-dam interactions 
They also examined the variance within sex and age-of-dam 
subclasses and concluded that multiplicative factors for sex 
of calf were most effective for both Angus and Hereford 
calves, but, that multiplicative and additive adjustment 
factors were most appropriate for Angus and Hereford age-of-
dam effects, respectively. 
Schaeffer and Wilton (1974), using 16,529 Angus and 
47,293 Hereford beef cattle weaning weight records, compared 
the effectiveness of additive and multiplicative adjustment 
factors for preweaning average daily gain by examining the 
subclass means and variances and the interactions between 
environmental effects. They concluded that simultaneous 
additive adjustment factors for age-of-dam, sex, and 
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management were most appropriate. 
The use of additive versus multiplicative adjustment 
factors varies in the literature. In general, the use of 
additive factors is recommended when the variation within 
subclasses is homogeneous. Multiplicative factors are more 
appropriate when there is a positive correlation between the 
subclass mean and variance. Other factors need to be 
considered such as the presence of interactions between 
environmental effects. For example, additive factors may not 
be appropriate if there are interactions between an 
environmental effect and year or season of birth, or if there 
is a large amount of variation between years or within 
flocks. The presence of interactions between environmental 
effects may dictate the use of simultaneous adjustments. 
However, the biological interpretation, effect on the 
adjustment procedures, and relative importance of the 
interaction compared to the main effects should be 
considered. 
Adjustment of Weaning Weight to an Age Constant Basis 
The adjustment of weaning weight to a common age is 
routinely performed for both beef cattle and sheep using the 
standard formula (BIF, 1986; NSIP, 1986); 
age-adjusted wt = (weaning wt - birth wt)/(age at weaning) 
X constant age + birth wt. 
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If birth weight is not known, then the use of a constant 
birth weight is recommended for beef cattle breeds (BIF, 
1986). Many of the breeds use specific breed and sex birth 
weight constants. A constant of 70 lbs is recommended for 
the remaining breeds (BIF, 1986). 
If the birth weight is not known, when adjusting a lamb 
weaning weight to a constant age, then the weaning weight is 
adjusted using the formula (NSIP, 1986): 
age-adjusted wt = (weaning wt)/(age at weaning) 
X constant age. 
Hotter et al. (1975) did not use a constant birth weight 
when the actual birth weight was not known. Lewis et al. 
(1989) used birth weight constants of 5.45 kg and 4.54 kg for 
single and twin born Rambouillet lambs, respectively. No 
estimates of the amount of bias introduced by ignoring birth 
weight, when adjusting lamb weight to a constant age, were 
found in the literature. However, Warwick and Cartwright 
(1958) reported correlations between standard age-adjusted 
weight and weights adjusted ignoring birth weight, with 
actual 120-d weight of .97 for both methods. 
The standard age adjustment formula assumes linear 
growth from birth through weaning. This assumption has been 
contested by various researchers using beef cattle weaning 
weights (Nelson and Kress, 1981; Woodward et al., 1989). The 
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assumption of linearity can be violated in several ways: 
1) the growth curve may be nonlinear from birth to 
weaning as was shown in beef cattle, 
2) the regression of weight on age for animals weaned 
within a specified number of days (window) from the 
constant weaning age, may be linear, but, may not have 
the same slope as the regression of weight on age from 
birth to weaning, or 
3) growth within the specified window around the constant 
weaning age may be non-linear. 
Woodward et al. (1989), using Simmental beef cattle 
weaning weights, concluded that growth from birth to weaning 
was non-linear and that standard age adjustment to 205-d did 
not eliminate the effect of age of calf. They recommended a 
two step adjustment procedure. The first step adjusted the 
weaning weight to a constant age using the standard BIF 
formula. The second step further adjusted the record using 
the following equation: 
adjusted 205-d wt = standard age-adjusted wt 
- L(age-205) - Q(age-205)^ 
where L and Q were linear and quadratic regression 
coefficients estimated by regressing the standard age-
adjusted weight on age of weaning. 
In general, the studies mentioned previously, by 
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Woodward et al. (1989) and Nelson and Kress (1981) involving 
beef cattle, concluded that growth from birth to weaning is 
non-linear and that the weaning weights for calves weaned 
prior to 205 days were over adjusted while calves weaned 
after 205 days were under adjusted, using the standard age 
adjustment. 
No studies involving age adjustment of lamb weaning 
weights to a constant age of 30, 60, or 90 days were found in 
the literature. 
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SECTION I. DATA DESCRIPTION, SELECTION BIAS, BIRTH WEIGHT 
CONSTANTS, AND ADJUSTMENT OF WEANING WEIGHT 
TO AN AGE CONSTANT BASIS 
Abstract 
Lamb weaning weights at 30, 60, and 90 days were used to 
evaluate the impact of birth weight on the adjustment of 
weaning weight to a constant age. The standard age 
adjustment procedure, using actual birth weight and 
combinations of constant birth weights for sex, type-of-
birth, and breed type, were used to estimate product moment 
and rank correlations, average adjustment bias, and potential 
adjustment error. The effectiveness of the standard age 
adjustment procedure, and the optimal age range for recording 
weaning weight at 30-d, 60-d, and 90-d was also evaluated 
using a model that included effects for contemporary group, 
sex, type-of-birth/rearing, age-of-dam and breed. The data 
for the study consisted of 13,501 birth weight records, 3,721 
30-d records, 10,988 60-d records, and 3,285 90-d records, 
from six breeds enrolled in the National Sheep Improvement 
Program (NSIP). The breeds included Columbia, Dorset, 
Hampshire, Polypay, Rambouillet, and Suffolk. Each breed was 
assigned a breed type with the large breed type including the 
Columbia, Hampshire, and Suffolk breeds and the small breed 
type including the Dorset, Polypay, and Rambouillet breeds. 
The initial analyses indicated that a constant birth weight 
should be used when actual birth weight is not known. 
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however, the choice of constant had little effect on the 
product moment and rank correlations, mean bias, or potential 
adjustment error. The analysis of age adjustment indicated 
that the standard age adjustment did not effectively remove 
the effect of age for the small breed type at 30 days and the 
large breed type at 60 days for window sizes greater than ±7 
days. However, the relationship between age and age-adjusted 
weaning weight was consistently negative across analyses, 
indicating an over adjustment of records recorded before the 
constant weaning age, and an under adjustment of records 
recorded after the constant weaning age. 
Introduction 
The primary goal of any selection program for livestock 
species, is to maximize the rate of genetic progress for 
economically important traits. However, much of the 
variation attributable to phenotypic records is environmental 
in nature and must be accounted for by use of appropriate 
adjustment factors. Adjustment of performance records for 
known sources of variation is widely used in animal breeding 
for many commercially produced livestock species. 
Statistical adjustment of performance records allows animals 
to be evaluated on an equal basis by reducing or eliminating 
known sources of environmental variation. Thus, genetic 
evaluation and subsequent selection decisions made by the 
breeder are more accurate. 
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The data used in this study consist of field records 
provided by the National Sheep Improvement Program (NSIP). 
Currently, the NSIP adjusts weaning weight to a constant age 
basis assuming linear growth from birth to weaning. 
Additionally, if the birth weight is not known then it is 
assumed zero for purposes of age adjustment. 
The purpose of this study was to evaluate the adjustment 
of weaning weight at 30, 60, and 90 days to an age constant 
basis and to determine the optimal range in age (window) for 
recording 30-d, 60-d, and 90-d weaning weights. The impact 
of missing birth weights on adjustment of weaning weight to 
an age constant basis was also examined. 
Materials and Methods 
Description of data 
Included in the data were weaning weights recorded for 
30-d, 60-d, and 90-d weight from 1984 to 1989. Weaning 
weight records included both weaning and pre-weaning weight 
records. The majority of the data were collected during 
1987, 1988, and 1989. The data represent flocks throughout 
the United States, though, the majority of the data were from 
farm flocks in the midwest and northwest, specifically, 
Illinois, Indiana, Iowa, Minnesota, Missouri, Ohio, Oregon, 
Washington, and Wisconsin. The average flock size for 
purebred flocks enrolled in the NSIP is 45 ewes per flock and 
the median flock size is approximately 33 ewes per flock. 
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Breeds represented in the data include Columbia, Dorset, 
Hampshire, Polypay, Rambouillet, and Suffolk. Each breed was 
assigned to a breed type category based on mature size, 
relative performance, and maternal versus paternal breed 
designation as described by SID (1987). Two breed type 
categories, large and small, were created. The large breed 
type included the Columbia, Hampshire, and Suffolk breeds, 
and the small breed type included the Dorset, Polypay, and 
Rambouillet breeds. 
Age at weaning was restricted to 16 to 44 days for 
weaning at 30 days, 32 to 88 days for weaning at 60 days and 
62 to 118 days for weaning at 90 days. The range in age at 
weaning for 30-d weight was narrow with 94% of the lambs in 
the data set between 23 and 37 days of age. Ninety-eight 
percent of the lambs were between 20 and 40 days of age. 
Records for 60-d weaning weight range from 32 to 88 days of 
age, however, 62% of the lambs in the data set were 53 to 67 
days of age, 74% were 50 to 70 days of age, 86% were 46 to 74 
days of age and 96% were between 39 and 81 days of age. 
Records for 90-d weaning weight ranged from 62 to 118 days in 
age, with 53% of the lambs 83 to 97 days of age, 64% 80 to 
100 days of age, 80% 76 to 104 days of age, and 95% 69 to 111 
days in age. The distribution of age at weaning for 30-d, 
60-d, and 90-d weaning weight is illustrated in Figure 1. 
Each weaning weight in the data set was measured at or before 
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Figure 1. Data distribution, by age at weaning, for 3 0-d, 
60-d, and 90-d weights 
weaning and was assigned one of the following management 
codes: 
1) dam fed by number nursed; lambs creep fed, 
2) dam fed by number nursed; lambs not creep fed, 
3) dam not fed by number nursed; lambs creep fed, and 
4) dam not fed by number nursed; lambs not creep fed. 
Each lamb with a weaning weight in the data set, without 
a known dam was edited. Age-of-dam categories were 
designated as; 
- age 1; less than 19 months of age, 
- age 2; 19 to 30 months of age, 
- age 3; 31 to 42 months of age, 
- age 4; 43 to 54 months of age, 
- age 5; 55 to 66 months of age, 
- age 6; 67 to 78 months of age, and 
- age 7; greater than 78 months of age. 
All data corresponding to lambs triplet born and raised 
as a single were edited from the data set as was all triplet 
born data from ewes less than 19 months of age due to 
insufficient data across subclasses. 
Flock-year-seasons with fewer than 10 animals were 
edited from the data. Year was designated as year of birth 
and season was designated as spring (1/1 - 6/30) or fall 
(7/1 - 12/31). 
Subclass frequencies by year, season, age-of-dam, type-
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of-birth, type of rearing, and sex of lamb, for birth and 
weaning weight at 30, 60, and 90 days are presented in Tables 
la-Id, in Appendix A. The data set after editing included 
13,501 birth weight records, 3721 records for 30-d weaning 
weight, 10,988 records for 60-d weaning weight, and 3285 
records for 90-d weaning weight. 
Selection bias 
Birth weight was used to adjust a lamb record to a 
constant weaning age. Since recording birth weight is not 
required by the NSIP, determining the proportion of lambs 
with a recorded birth weight was used as an indication of 
selection within a contemporary group. The difference between 
the weight per day of age (WDA) for lambs with recorded birth 
weights versus lambs without recorded birth weights was also 
examined to determine the extent of selection of the data or 
selection bias. The analysis was conducted within 
contemporary group for each breed. WDA for weaning at 30, 
60, and 90 days was analyzed, within breed, using the model; 
^ijkl = Gi + ABj + BWj^ + 
where was the lamb WDA, was the ith contemporary 
group, ABj was the jth age-of-dam x type-of-birth/rearing x 
sex of lamb subclass, BWj^ was the treatment level 
corresponding to the presence or absence of a recorded birth 
weight, and e^j^^ was the random residual, with mean zero and 
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variance corresponding to the record. Contemporary 
groups were defined as lambs within a common flock, year, 
season, and management level. 
The distribution of percent-birth-weights-recorded within 
each contemporary group was determined by breed, for flocks 
weaning at 30, 60, and 90 days. Each contemporary group was 
categorized by the percentage of lambs, within the 
contemporary group, with a recorded birth weight. The total 
number of contemporary groups and average number of lambs 
within each contemporary group was also determined. 
Birth weight constants 
The effect of missing or constant birth weights estimates 
on adjustment of weaning weight to a constant age was studied 
for weaning at 30, 60, and 90 days. Average birth weights 
were estimated for type-of-birth; sex; breed type; type-of-
birth and breed type; type-of-birth and sex; and type-of-
birth, sex, and breed type, using 13,501 birth weight records 
and are presented in Table 1. Weaning weight records for 
lambs with recorded birth weights consisted of 3,633 30-d 
records, 9,472 60-d records, and 2,399 90-d records. All 
weaning weights were adjusted to a constant age using the 
standard age adjustment; 
age-adjusted wt = (weaning wt - birth wt)/(age at weaning) 
X constant age + birth wt. 
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Table 1. Birth weight means fkg) for type-of-birth (TOB) 
sex, and breed type (BRT) 
Constant Weight N* SE' 
TOB: 
Sex: 
BRT: 
TOB,BRT: 
TOB,SEX: 
TOB,SEX,BRT: 
Single (SI) 5.71 3134 .02 
Twin (TW) 4.99 8859 .01 
Triplet (TR) 4.53 1508 .03 
Ewe (E) 4.95 6686 . 01 
Ram (R) 5.26 6815 .01 
Large (L) 5.54 7668 .01 
Small (S) 4.54 5833 .01 
SI,L 6.22 1711 .03 
TW,L 5.42 5100 . 01 
TR,L 4.90 857 .03 
SI,S 5.09 1423 .03 
TW,S 4.41 3759 .01 
TR,S 4.05 651 .03 
SI,E 5.54 1555 .03 
TW,E 4.84 4343 .02 
TR,E 4.40 788 .03 
SI,R 5.88 1579 .03 
TW,R 5.14 4516 .02 
TR,R 4.67 720 .04 
SI,E,L 6.07 841 .04 
TW,E,L 5.26 2509 .02 
TR,E,L 4.74 455 .05 
SI,R,L 6.37 870 .04 
TW,R,L 5.57 2591 .02 
TR,R,L 5.07 402 .05 
SI,E,S 4.91 714 .04 
TW,E,S 4.27 1834 . 02 
TR,E,S 3.94 333 .04 
SI,R,S 5.28 709 .04 
TW,R,S 4.55 1925 . 02 
TR,R,S 4.16 318 .05 
Large breed type includes Columbia, Hampshire, and 
Suffolk and small breed type includes Dorset, Polypay, and 
Rambouillet. 
^Number of records per subclass. 
^Standard error of mean. 
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Standard age-adjusted weaning weights were contrasted 
with age-adjusted weaning weights calculated using the birth 
weight constants in Table 1 or no birth weight. Product 
moment and rank correlations between the standard age-
adjusted weights and weight adjusted using constant birth 
weights were calculated for weaning at 30, 60, and 90 days. 
The average bias, maximum adjustment error, and mean square 
error (MSB) were calculated for each set of birth weight 
constants. Bias was defined as the average difference 
between the standard age-adjusted weight and the weight 
adjusted using the respective constant birth weight. Mean 
square error was defined as the variance of the age-adjusted 
weight plus the bias^. 
Adjustment of weaning weight to an aae constant basis 
This study, in part, was patterned after a study 
conducted by Woodward et al. (1989) using 205-d weaning 
weights for Simmental beef cattle. They reported that growth 
from birth to weaning was non-linear and that the standard 
age adjustment procedure did not adequately account for the 
effect of age of calf. Similar results were reported by 
Johnson and Dinkel (1951), Minyard and Dinkel (1965), Nelson 
and Kress (1981), and Swiger et al. (1962). No similar 
studies were found in the literature for 30-d, 60-d, or 90-d 
weaning weight in sheep, however, Warwick and Cartwright 
(1958) reported a correlation between the standard age-
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adjusted weight and actual 120-d weight of .97 for lambs 
weaned between the ages of 100 and 140 days. 
Actual weaning weight and standard age-adjusted weaning 
weights were analyzed using the model: 
^ijklm = + Gj + ABj^ + Lj (age-constant age) + 
(age-constant)^ + 
where y^jxim the actual or age-adjusted weaning weight, 
Bj^ was the ith breed, Gj was the jth contemporary group, ABj^ 
was the kth age-of-dam x type-of-birth/rearing x sex 
subclass, was the linear regression of actual or age-
adjusted weaning weight on age at weaning, was the 
quadratic regression of actual or age-adjusted weaning weight 
on age at weaning and the random error for the 
^ijklm observation. The breed, contemporary group, and AB 
effects were assumed fixed. Constant age corresponds to 
adjustment to 30, 60, or 90 days. Contemporary group was 
defined as a common flock, year, season, and level of 
management. Lambs with unknown birth weights were assigned a 
constant birth weight corresponding to type-of-birth (see 
Table 1). Linear and quadratic effects were calculated for 
the combined data set, each breed type, and each breed, for 
weaning at 30, 60, and 90 days. Each regression analysis was 
repeated at increasing age ranges (windows). Age-adjusted 
weight, for weaning at 30 days, was analyzed using windows of 
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±7, ±10, and ±14 days. Age-adjusted weight, for weaning at 
60 and 90 days, was analyzed using windows of ±7, ±10, ±14, 
±21, and ±28 days. 
The effect of sex and age-of-dam on the linear and 
quadratic regressions of weaning weight on age at weaning was 
also tested. 
Results and Discussion 
Selection bias 
Distributions of percent-birth-weights-recorded (PER) 
within each contemporary group, for lambs weaned at 60 days 
are presented in Table 2. Distributions of PER with each 
contemporary group, for lambs weaned at 30 and 90 days are 
presented in Tables 2a and 2b, in Appendix A. The 
contemporary groups were categorized according to the 
percentage of lambs within the group with a recorded birth 
weight and are presented by percentile, for each breed. For 
example, there are a total of 78 contemporary groups for the 
Suffolk breed at 60 days (Table 2). Fewer than 10% of the 
lambs were weighed at birth in eight of the 78 contemporary 
groups, 61-70% of the lambs were weighed at birth in one of 
the contemporary groups, 81-90% of the lambs were weighed at 
birth in one of the contemporary groups, and greater than 90% 
of the lambs were weighed at birth in the remaining 68 
contemporary groups. These results indicate that systematic 
selection of lambs at birth which resulted in birth weights 
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Table 2. Distribution of percent birth weights recorded, 
within contemporary groupé, by percentile and breed, 
for flocks recording weight at 60 days 
Breed^ 
Percentile CL DO HA PP RA SU 
0-10 2 9 6 2 4 8 
11-20 
21-30 
31-40 
41-50 1 
51-60 1 
61-70 1 
71-80 
81-90 1 1 
91-100 18 63 42 26 22 68 
Total° 20 74 48 29 26 78 
Average number 26.3 25.5 36.3 51.3 51.1 52, 
^Contemporary group is defined as a common flock, year, 
and season. 
^Breeds include Columbia (CL), Dorset (DO), Hampshire 
(HA), Polypay (PP), Rambouillet (RA), Suffolk (SU). 
^Total number of contemporary groups. 
^Average number of lambs within each contemporary group. 
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being recorded, was not occurring in the NSIP data. 
The WDA least squares means for lambs with a recorded 
birth weight and lambs without a recorded birth weight, 
bybreed and age at weaning, are presented in Table 3. The 
difference in WDA for lambs weaned at 30 days was significant 
for the Polypay, Rambouillet, and Suffolk breeds (P<.05). The 
WDA for lambs with recorded birth weights was higher than the 
WDA for lambs without recorded birth weights for the Polypay 
and Rambouillet breeds, at 30 days. The opposite was true for 
the Suffolk breed. At 60 days, Dorset and Rambouillet lambs, 
with recorded birth weights, had a significantly higher WDA 
than lambs without recorded birth weights (P<.01 and P<.05, 
respectively). At 90 days, Polypay lambs with recorded birth 
weights had significantly higher WDA than lambs without 
recorded birth weights (P >.01). However, Rambouillet and 
Suffolk lambs with recorded birth weights had significantly 
lower WDA than lambs without recorded birth weights (P<.01 and 
P<.05, respectively). 
These results, combined with the distributions of 
recorded birth weights within each contemporary group, suggest 
that there was little or no selection (or recording bias) 
occurring within each contemporary group at birth. One 
possible explanation for the advantage of lambs with recorded 
birth weights over lambs without recorded birth weights for 
WDA is a difference in management levels. Flocks which 
Table 3. Weight (kg) per day of age least squares means for lambs with a recorded 
birth weight versus lambs with no birth weight recorded, by breed, for 
flocks recording weight at 30, 60, or 90 days 
30 Days 60 Days 90 Days 
Breed^ Rb D* R N D R N D 
CL NA NA NA .43 .45 -.02 NA NA NA 
DO .41 .48 -.07 .38 .35 .03** .39 .38 .01 
HA .47 .62 -.14* .42 .45 -.02 .45 .43 -.02 
PP .43 .38 .05 .37 .37 .00 . .34 .29 .05 
RA .43 .27 .15* .40 .37 .02* .35 .39 -.04 
SU .50 .56 -.06 .43 .43 .00 .43 .46 -.03 
** 
** 
* 
^Breeds include Columbia (CL), Dorset (DO), Hampshire (HA), Polypay (PP), 
Rambouillet (RA), Suffolk (SU). 
^Average WDA for lambs with recorded birth weights. 
^Average WDA for lambs with no recorded birth weight. 
^Difference between R and N. 
*P<.05. 
**P<.01. 
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measure birth weights may also manage their lambs more 
intensively resulting in higher WDA. An explanation for the 
opposite result for some analyses was not readily apparent. 
Flocks enrolled in the NSIP processall of their birth and 
weaning weights for a lambing season simultaneously, 
therefore, the conclusion of "no selection" at birth within a 
contemporary group can be extended to "no selection" within a 
contemporary group at weaning. 
Birth weight constants 
Product moment and rank correlations between age-
adjusted weight, at 30, 60, and 90 days, using actual birth 
weight versus a constant birth weight are presented in Table 
4. The correlation between the standard age adjustment and 
age adjustment for each birth weight constant was higher than 
age adjustment using no birth weight, for both the product 
moment and rank correlations. The product moment and rank 
correlations increased as the age to adjustment increased, as 
expected. However, all of the correlations between the 
standard age-adjusted weight and weight adjusted using a 
constant birth weight were greater than .99 for all three 
weaning ages. 
The average bias, maximum adjustment error, and mean 
square error for weight adjusted to 30, 60, and 90 days using 
no birth weight or a constant birth weight versus actual 
birth weight are presented in Table 5. The potential error 
Table 4. Product moment and rank correlations^ for weaning 
weight age-adjusted to 30, 60, and 90 days using no 
birth weight (NONE) and birth weight constants for 
type-of-birth (TOB), sex, and breed type (BRT) 
Product Moment^ Rank^ 
Constant 30 60 90 30 60 90 
NONE .9748 .9890 .9961 .9762 .9887 .9960 
TOB .9991 .9995 .9998 .9992 .9995 .9998 
Sex .9990 .9994 .9998 .9991 .9995 .9998 
BRT .9990 .9995 .9998 .9992 .9996 .9998 
TOB,BRT .9992 .9996 .9999 .9993 .9996 .9999 
TOB,Sex .9991 .9995 .9998 .9992 .9995 .9998 
TOB,Sex,BRT .9992 .9996 .9999 .9993 .9996 .9999 
All weaning weights, age-adjusted using birth weight 
constants, are correlated with weaning weights age-adjusted 
using actual birth weight. 
^Product moment correlation. 
^Rank correlation. 
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Table 5. Mean bias (kg) and potential error® for weight 
adjusted to 30, 60, and 90 days using no birth 
weight (NONE), and birth weight constants for type-
of-birth (TOB), sex, and breed type (BRT) 
30-d weight: Bias^ SE° Negd Pos® MSE^ 
NONE -.0310 .0120 2.83 8.86 10.55 
TOB .0052 .0022 1.55 1.38 9.76 
Sex .0062 .0024 1.86 1.44 9.77 
BRT .0086 .0023 1.27 2.05 9.79 
TOB,BRT .0067 .0021 1.19 2.25 9.78 
TOB,Sex .0042 .0022 1.72 1.60 9.76 
TOB,Sex,BRT .0056 .0021 1.29 2.46 9.78 
60-d weight: Bias SE Neg Pos MSE 
NONE .1340 .0093 2.27 6.38 37.16 
TOB -.0041 .0021 2.54 2.00 36.30 
Sex -.0055 .0021 3.22 1.95 36.32 
BRT .0037 .0019 2.55 2.13 36.19 
TOB,BRT .0045 .0018 2.32 2.25 36.16 
TOB,Sex -.0048 .0020 2.67 1.88 36.29 
TOB,Sex,BRT .0038 .0018 2.43 2.12 36.16 
90-d weight: Bias SE Neg Pos MSE 
NONE .2904 .0150 1.53 3.89 68.78 
TOB .0039 .0032 1.24 1.18 67.95 
Sex .0033 .0033 1.61 1.39 68.06 
BRT .0025 .0025 1.25 1.26 67.80 
TOB,BRT .0024 .0024 1.00 .96 67.63 
TOB,Sex .0032 .0032 1.31 1.09 67.91 
TOB,Sex,BRT .0018 .0018 1.06 .87 67.48 
®Mean bias and potential adjustment errors for age-
adjustment using constants versus age-adjustment using actual 
birth weight. 
^Mean kilogram difference between age-adjusted weight 
using actual birth weight and age-adjusted weight using a 
constant birth weight. 
^Standard error of mean bias. 
^Maximum negative error (under adjustment). 
^Maximum positive error (over adjustment). 
^Mean square error. 
39 
and mean square error were consistently highest for weight 
adjusted to 30, 60, or 90 days when no birth weight was used 
and there was essentially no difference for the bias and mean 
square error for weight adjusted to 30, 60, or 90 days using 
any of the constant birth weights. There were some 
differences in the potential adjustment error for the various 
constant birth weights, however, the differences were small 
compared to the potential adjustment error incurred when no 
birth weight was used. The largest errors occurred for lambs 
with extremely large or small birth weights with weaning ages 
on the edge of the age range limit. For example, the 8.86 kg 
over adjustment, for 30-d weight shown in Table 5, occurred 
for a lamb with a large birth weight, weighed at 16 days of 
age for weight adjusted to 30 days. The potential adjustment 
error decreased as age increased from 3 0 to 90 days. 
These results suggest that a constant birth weight 
should be used when adjusting weaning weight to a constant 
age. This conclusion is based primarily on the level of bias 
and potential adjustment error incurred when no birth weight 
is used. The choice of a birth weight constant, however, 
seems to have little effect on the average level of bias, 
potential adjustment error, or MSE. 
Adjustment of weaning weight to an aae constant basis 
The difference in growth curves for the large and small 
breed types is illustrated in Figure 2. The curves were 
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projected from linear and quadratic regressions of weight on 
age, using a subset of the data. The subset consisted of 
lambs with birth, 30-d, and 60-d weights; or birth, 60-d, and 
90-dweights. Animals in the large breed type tended to grow 
faster, particularly from 20 to 80 days of age. 
The effect of sex, and age-of-dam on the linear and 
quadratic regressions for actual and age-adjusted weight, on 
age at weaning, were not significant for any breed or breed 
type for weaning at 30, 60, or 90 days. These results 
indicate that no significant differences in the slope of the 
regressions, for levels of sex or age-of-dam existed for 
weaning at 30, 60, and 90 days. This is contrary to the 
findings of Woodward et al. (1989) who found differences for 
sex and age-of-dam in beef cattle. 
The variance attributable to each fixed effect in the 
model was significant for both breed types, across analyses, 
however, the variation attributable to the effect of breed 
within each breed type was small and accounted for less than 
.2% of the total variation in the data for both breed types, 
across analyses. 
3 0-d weaning weight 
Linear and quadratic regressions for actual and age-
adjusted 30-d weight, on age at weaning, for lambs 23 to 37 
days of age are presented in Table 6. This analysis included 
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Figure 2. Graph of growth curves for the large and small breed 
types from birth to 100 days of age 
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Table 6. Linear® (L) and quadratic^ (Q) regressions for 
actual and adjusted 30-d weight, on age at weaning, 
by breed type (BRT) and breed, for age range ±7^ 
days 
All data 
BRT^: 
Breed: 
Large 
Small 
CL 
HA 
SU 
DO 
PP 
RA 
All data 
BRT^: 
Breed: 
Large 
Small 
.264 ** 
.300 
.255 
.445 
,366 
,243 
,342 
,247 
,337" 
** 
** 
.** 
** 
** 
** 
** 
** 
-.015 
- . 0 2 0  
-.004 
SE Qi SE R^ 
.017 .0008 .0046 .58 
.033 -.0077 .0092 .50 
.019 .0025 .0052 .56 
. 082 —. 0446 .0228 .56 
.066 -.0342 .0120 .63 
.046 -.0040 .0127 .49 
.057 .0151 .0167 .64 
.023 -.0030 .0063 .51 
.080 .0187 .0182 .53 
SE 02 SE R^ 
.017 
.033 
.019 
-.0025 
-.0071 
-.0022 
.0046 
.0092 
.0051 
.55 
.48 
.50 
CL .130 .082 -.0447 .0227 .51 
HA .076 .065 -.0342 .0193 . 60 
SU —. 088 .046 .0048 .0127 .48 
DO .063 .056 -.0161 .0164 .63 
PP -.018 .022 —.0056 .0062 .45 
RA .102 .083 .0084 .0187 .47 
^Linear regression of actual weight (L^) and age-adjusted 
weight (Lg) on age at weaning. 
^Quadratic regression of actual weight (Q^) and age-
adjusted weight (Qg) on age at weaning. 
^Weight recorded between 23 and 37 days of age. 
^Large breed type (L) includes Columbia (CL), Hampshire 
(HA), and Suffolk (SU) and small breed type (S) includes 
Dorset (DO), Polypay (PP), and Rambouillet (RA). 
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94% of the 30-d weaning weight data. The linear regressions 
were all significant for actual weight and tended to be 
higher for breeds included in the large breed type, with the 
exception of Suffolk. The regressions for age-adjustedweight 
on age at weaning were not significant as were quadratic 
regressions for actual and age-adjusted weight. These 
results suggested that growth from birth through 37 days of 
age was linear for both breed types as was growth from 23 to 
37 days of age. 
Linear and quadratic regressions for actual and age-
adjusted 3 0-d weight on age, for ±10 and ±14 day windows, 
respectively, are presented in Tables 6a and 6b, in Appendix 
A. The standard age adjustment did not adequately remove the 
effect of age at weaning, for the small breed type (P<.01) 
and the Polypay breed (P<.01), from lambs 20 to 40 days of 
age. The effect of age at weaning was not removed by 
standard age adjustment for the large and small breed types 
and the Suffolk and Polypay breeds for lambs 16 to 44 days of 
age (P<.01). A significant quadratic effect was introduced 
by the standard age adjustment into the age-adjusted weights 
in both breed types and the Polypay and Rambouillet breeds, 
for lambs 16 to 44 days of age. These results indicate that 
growth for lambs from age 16 to age 44 was linear, but, that 
the rate of growth from birth to age 44 days was non-linear. 
The relationship between 30-d age-adjusted weight was 
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consistently negative for both breed types. Consequently, 
the standard age adjustment procedure resulted in an average 
over and under adjustment of .5 kg for lambs in the small 
breed type weighed at 20 and 40 days of age, respectively. 
60-d weaning weight 
Linear and quadratic regressions for actual and age-
adjusted on age at weaning, for windows of ±10 and ±21 days 
are presented in Tables 7 and 8. Linear and quadratic 
regressions for actual and age-adjusted on age at weaning, 
for windows of ±7, ±14, and ±28 days are presented in Tables 
7a, 8a, and 8b, in Appendix A. The linear regression of 
actual weight on age at weaning was significant for each 
breed and breed type in each window. The quadratic 
regression of actual weight on age at weaning was not 
significant for breed type with the exception of the small 
breed type for the ±28 day window. Significant quadratic 
effects were also found for Columbia (P<.01), and Suffolk 
(P<.05) in the ±14 day window; Hampshire (P<.05) and Dorset 
(P<.01) in the ±21 day window; and Dorset (P<.01) for the ±28 
day window. The linear effect of age was removed by standard 
age adjustment for the small breed type, within all windows. 
The linear effect of age was removed by standard age 
adjustment for the large breed type in the ±7 day window. 
However, in the ±10, ±14, ±21 and ±28 day windows, the linear 
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Table 7. Linear^ (L) and quadratic'^ (Q) regressions for 
actual and adjusted 60-d weight, on age at weaning, 
by breed type (BRT) and breed, for age range ±10° 
days 
Ll SE 0% SE R^ 
All data .301** .013 -.0028 .0024 .58 
BRT^: Large 
Small 'All** .019 .016 -.0030 -.0023 .0035 .0030 .49 .59 
Breed: CL 
HA 
SU 
DO 
PP 
RA ii .073 .039 .023 .029 .026 .034 -.0070 .0045 -.0087 -.0050 -.0028 -.0013 .0131 .0069 .0044 .0052 .0051 .0062 .52 .55 .49 .55 .64 .62 
^2 SE 02 SE 
R2 
All data -.025* .013 -.0029 .0024 .55 
BRT^: Large 
Small 
-.059** 
.016 
.019 
.016 
-.0017 
-.0034 
.0035 
.0030 
.47 
.55 
Breed: CL 
HA 
SU 
DO 
PP 
RA 
-.038 
-.040 
-.054 
.037 
-.012 
.035 
.072 
.039 
.023 
.028 
.027 
.035 
-.0035 
.0052 
-.0072 
-.0041 
—.0046 
-.0013 
.0131 
.0069 
.0044 
.0051 
.0052 
.0064 
.52 
.52 
.47 
.54 
.59 
.57 
^Linear regression of actual weight (L^) and age-adjusted 
weight (Lg) on age at weaning. 
^Quadratic regression of actual weight (Q^) and age-
adjusted weight (Qg) on age at weaning. 
^Weight recorded between 50 and 70 days of age. 
^Large breed type (L) includes Columbia (CL), Hampshire 
(HA), and Suffolk (SU) and small breed type (S) includes 
Dorset (DO), Polypay (PP), and Rambouillet (RA). 
*P<.05. 
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Table 8. Linear® (L) and quadratic (Q) regressions for 
actual and adjusted 60-d weight, on age at weaning, 
by breed type (BRT) and breed, for age range ±21^ 
days 
SE SE 
All data 
BRT^: 
Breed: 
Large 
Small 
CL 
HA 
SU 
DO 
pp 
RA 
.289 
. 2 8 6  
.293 
.428 
.312 
.268 
.350 
.248 
.307 
** 
** 
** 
** 
** 
** 
** 
** 
.007 
.010 
.009 
.040 
.019 
.012 
.015 
.015 
. 0 2 0  
-.0003 
-.0010 
-.0008 
.0038 
.0032 
-.0003 
-.0035 
-.0001 
-.0009 
** 
.0005 
.0008 
.0007 
.0029 
.0014 
.0010 
.0012 
.0012 
.0016 
.59 
.51 
.60 
.57 
.57 
.49 
.55 
. 6 2  
.61 
SE SE 
All data 
BRT^: 
Breed; 
Large 
Small 
CL 
HA 
SU 
DO 
PP 
RA 
-.035 
-.059 
- . 0 0 2  
.102 
-.039 
-.075 
.032' 
-.025 
.002 
** 
** 
** 
** 
.007 
.009 
.009 
.038 
.019 
.012 
.015 
.015 
.020 
- .0008 
.0019' 
-.0007 
.0015 
.0032 
.0014 
-.0022 
- . 0000  
— . 0 0 0 8  
.0005 
.0008 
.0007 
.0028 
.0014 
.0010 
. 0012 
.0012 
.0016 
.54 
.47 
.53 
.44 
.52 
.47 
.54 
.54 
.52 
^Linear regression of actual weight (L^) and age-adjusted 
weight (Lg) on age at weaning. 
^Quadratic regression of actual weight (Q^) and age-
adjusted weight (Qg) on age at weaning. 
^Weight recorded between 39 and 81 days of age. 
^Large breed type (L) includes Columbia (CL), Hampshire 
(HA), and Suffolk (SU) and small breed type (S) includes 
Dorset (DO), Polypay (PP), and Rambouillet (RA). 
*P<.01. 
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effect of age was not removed (P<.01) for the large breed 
type, and a significant quadratic effect was introduced into 
the large breed type by the standard age adjustment (P<.05) 
for the ±21 and ±28 day windows. These results indicate that 
growth from 32 to 88 days of age was linear, but, that growth 
from birth to weaning for the large breed type was non­
linear, when weaning weight is adjusted to 60 days. The 
results for 60-d weaning weight were generally opposite of 
those found at 30 days for each breed type and reflect 
differences in growth curves between the large and small 
breed types as illustrated in Figure 2. However, the 
relationship between 60-d age-adjusted weight and age at 
weaning was similar to weaning at 30 days, and was 
consistently negative for both breed types, across analyses. 
Consequently, the standard age adjustment procedure resulted 
in an average over and under adjustment of .9 kg for lambs 
weighed at 46 and 74 days of age, respectively, for lambs in 
the large breed type. The failure of the standard age 
adjustment procedure to remove the linear effect of age in 
the large breed type is illustrated in Figure 3. 
90-d weaning weight 
Linear and quadratic regressions for actual and age-
adjusted weight on age at weaning, for windows of ±10 and ±21 
days are presented in Tables 9 and 10. Linear and quadratic 
regressions for actual and age-adjusted weight on age at 
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Figure 3. Example of the failure of the standard age 
adjustment procedure to remove the linear effect 
of age, for 60-d weaning weight, in the large 
breed type. Lambs weaned at 46 days (A) are over 
adjusted (B) while lambs weaned at 74 days (C) are 
under adjusted (D) 
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Table 9. Linear^ (L) and quadratic^ (Q) regressions for 
actual and adjusted 90-d weight, on age at weaning, 
by breed type (BRT) and breed, for age range ±10° 
days 
^1 SE Qi SE R^ 
All data .315** .035 .0061 .0063 . 63 
BRT^: Large 
Small :3i4" 
.049 
.050 
-.0020 
.0197 
.0089 
.0089 
.57 
.61 
Breed: CL 
HA 
SU 
DO 
PP 
RA 
;i 
.113 
.094 
.074 
.064 
.141 
.116 
.0299 
-.0337 
.0128 
.0192 
.0273 
.0496 
.0235 
.0198 
.0120 
.0112 
.0313 
.0204 
.76 
.50 
. 63 
.58 
.72 
.72 
H SE 02 SE R^ 
All data .008 .035 .0064 .0063 .62 
BRT^: Large 
Small 
-.042 
.068 
.049 
.050 
-.0011. 
.0192 
.0089 
.0089 
.56 
.59 
Breed; CL 
HA 
SU 
DO 
PP 
RA 
.251 
-.130 
-.107 
.021 
-.074 
.233 
.113 
.094 
.074 
.063 
.147 
.118 
.0297 
-.0367 
.0155 
.0180 
.0253. 
.0494 
.0236 
.0198 
.0120 
.0112 
.0313 
.0204 
.74 
.49 
.62 
.57 
.71 
.70 
^Linear regression of actual weight (L^) and age-adjusted 
weight (Lg) on age at weaning. 
^Quadratic regression of actual weight (Q^^) and age-
adjusted weight (Qg) on age at weaning. 
^Weight recorded between 80 and 100 days of age. 
^Large breed type (L) includes Columbia (CL), Hampshire 
(HA), and Suffolk (SU) and small breed type (S) includes 
Dorset (DO), Polypay (PP), and Rambouillet (RA). 
*P<.05. 
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Table 10. Linear^ (L) and quadratic^ (Q) regressions for 
actual and adjusted 90-d weight, on age at weaning, 
by breed type (BRT) and breed, for age range ±21° 
days 
Ll SE Ql SE R2 
All data .329** .015 -.0010 .0013 .70 
BRT^: Large 
Small ::::: .021 .024 -.0019 .0000 .0017 .0019 .63 . 67 
Breed: CL 
HA 
SU 
DO 
PP 
RA 1 
.055 
.041 
.031 
.045 
.052 
.036 
-.0030 
.0030 
-.0035 
.0045 
-.0047 
-.0007 
.0042 
.0034 
.0027 
.0036 
.0035 
.0033 
.75 
. 60 
.65 
. 61 
.54 
.67 
^2 SE 02 SE R^ 
All data -.012 .016 -.0014 .0013 .65 
BRT^: Large 
Small 
-.020 
.004 
.021 
.025 
-.0012 
—.0005 
.0018 
.0019 
.58 
.61 
Breed: CL 
HA 
SU 
DO 
PP 
RA 
-.035 
-.001 
-.033 
.046 
-.047 
-.017 
.057 
.043 
.031 
.045 
.058 
.037 
-.0018 
.0030 
—.0020 
.0031 
-.0036 
-.0007 
.0044 
.0035 
.0027 
.0036 
.0038 
. 0033 
.71 
.52 
.62 
.57 
.50 
. 62 
^Linear regression of actual weight (L^) and age-adjusted 
weight (Lg) on age at weaning. 
^Quadratic regression of actual weight (Q^) and age-
adjusted weight (Qg) on age at weaning. 
^Weight recorded between 69 and 111 days of age. 
^Large breed type (L) includes Columbia (CL), Hampshire 
(HA), and Suffolk (SU) and small breed type (S) includes 
Dorset (DO), Polypay (PP), and Rambouillet (RA). 
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weaning, for windows of ±7, ±14, and ±28 days are presented 
in Tables 9a, 9b, and 10b, in Appendix A. The linear effect 
of growth was significant for breed and breed type (P<.01) at 
each age range, with the exception of Hampshire for ±7 days 
and Polypay for ±10 days. These results were unexpected and 
may be a reflection of sample size; 330 Hampshire records for 
±7 days and 87 Polypay records for ±10 days. However, the 
growth rate for Polypays was consistently slower than the 
remaining breeds at 90 days, across age windows. The linear 
effect of age was removed by the standard age adjustment for 
the ±10, ±14, ±21, and ±28 day windows. The linear effect of 
age was not removed from the large breed type (P<.01) or the 
Hampshire (P<.01), Polypay (P<.05) and Rambouillet (P<.01) 
breeds in the ±7 day window. Quadratic effects were not 
significant for either breed type with the exception of small 
breed type at ±10 days (P<.05), which was not removed by 
standard age adjustment, and, there was a significant 
quadratic effect for the ±7 day window in the Columbia 
(P<.01), Hampshire (P<.05), and Dorset (P<.05) breeds. 
These results indicated that growth from birth to 118 
days for both breed types was linear and that the standard 
age adjustment adequately removed the effect of age at 
weaning for adjustment to 90 days. The non-linear effects 
found for the ±7 and ±10 day windows were likely a result of 
sample size and disappeared as the range in age increased to 
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±14 days. 
Implications 
Weaning weight records for lambs with an unknown birth 
weight should be assigned a birth weight, however, the choice 
of birth weight constants had little impact on the amount of 
bias incurred by the standard age adjustment. Currently, the 
NSIP does not use a birth weight constant when the actual 
birth weight is not recorded. 
The standard age-adjustment procedure used by the NSIP 
did not adequately remove the effect of age at weaning, 
within breed type, in some analyses. For adjustment to 30 
days, the standard age adjustment removed the effect of age 
when the data are restricted to lambs 23 to 37 days of age, 
however, the effect of age is not removed from the small 
breed type for windows larger than ±7 days. The same result 
was found for the large breed type for weaning at 60 days. 
However, the relationship between age-adjusted weight and age 
at weaning was consistently negative across all analyses, for 
both breed types. If window size is restricted to ±7 days, 
then, the standard age-adjustment was adequate for weaning at 
30, 60 or 90 days. For age ranges larger than ±7 days a 
regression approach to age-adjustment is needed for the small 
breed type at 30 days and the large breed type at 60 days. 
One method of adjustment is to adjust each record using the 
linear (L^) and quadratic (Q^) subclass regressions of actual 
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weight on age at weaning: 
Age-adjusted wtg^ = actual wt - (age-constant age) 
- (age-constant age)2. 
This method adequately removes the linear effect of age at 
weaning, however, it assumes a constant rate of growth for 
each lamb in the subclass. 
A second alternative is to adjust an animal's record 
using the standard age-adjustment procedure, then re-adjust 
the record using the linear (Lg) and quadratic (Qg) subclass 
regressions of age-adjusted weight on age at weaning; 
Age-adjusted wtg = age-adjusted wt^^ - Lg (age-constant age) 
- Qg(age-constant age)^. 
This method assumes a constant degree of non-linearity for 
each lamb, but, allows a each record to be regressed from 
birth. This method was reported most effective by Woodward 
et al. (1989) for beef cattle and does not rely on the 
assumption of constant growth rate for each lamb. The 
quadratic term could be deleted from the adjustment procedure 
in most analyses. However, the relationship between age-
adjusted weight and age at weaning was consistently negative 
across each breed and breed type, and, the linear 
coefficients were significantly different for individual 
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breeds within age windows. Consequently, the age adjustment 
procedure, for weaning weight at 30, 60, and 90 days, should 
be examined for individual breeds, when sufficient data are 
available. 
The determination of the optimal age range for each 
weaning weight is based on several criteria. Age-adjustment 
is more accurate for ages closest to the constant weaning 
age, however, flexibility regarding actual weaning weight 
measurement for lamb producers must be considered. The 
magnitude of the linear regression of age-adjusted weight on 
age at weaning should also be considered, as well as the 
level of quadratic effect for each subclass and the 
relationship between age-adjusted weight and age at weaning. 
For weaning at 30 and 60 days, the "best" window, 
statistically, is ±7 days. Larger window sizes required use 
of a regression procedure for some subclasses. At 90 days, 
the choice of an appropriate window is not influenced by the 
standard age adjustment procedure. 
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SECTION II. ADJUSTMENT FACTORS FOR BIRTH WEIGHT 
AND 30-D, 60-D, AND 90-D WEANING WEIGHT 
Abstract 
Multiplicative and additive adjustment factors, for birth 
weight and 30-d, 60-d, and 90-d weaning weight, were 
calculated for two breed types, using field records collected 
by the National Sheep Improvement Program (NSIP). Factors 
were estimated for sex, type-of-birth and rearing (B/R), and 
age-of-dam. The large breed type included the Columbia, 
Hampshire, and Suffolk breeds and the small breed type 
included the Dorset, Polypay, and Rambouillet breeds. The 
data consisted of 13,501 birth records, 3,423 30-d records, 
10,988 60-d records, and 3,285 90-d records. Models used for 
analysis included effects for breed, contemporary group, sex, 
age-of-dam, and B/R. Subclass means and variances were 
proportional for sex and B/R, within breed type for most 
analyses (P<.01), with increased weight associated with 
increased variation. Consequently, multiplicative adjustment 
factors were recommended. The multiplicative adjustment 
factors for sex and B/R were similar across breed type. The 
subclass variances for age-of-dam were not heterogeneous 
within breed type, across analyses (P>.25), consequently, 
additive adjustment factors were recommended. The additive 
age-of-dam adjustment factors differed significantly between 
breed types and across analyses. The effects of sex, B/R, 
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and age-of-dam were significant for birth weight and each 
weaning weight in both breed types. Interactions between 
sex, age-of-dam, and B/R were variable in significance and 
inconsistent across analyses, and accounted for less than 2% 
of the explainable variation in most analyses, within breed 
type. Therefore, adjustment factors were estimated using a 
model including main effects only. 
Introduction 
Statistical adjustment of performance records for known 
sources of environmental variation is widely used prior to 
genetic evaluation of many commercially produced livestock 
species. Typically, records are adjusted for effects such as 
age-of-dam, sex, and type-of-birth/rearing (B/R) which are 
consistent for all animals, but, can not be fit in genetic 
evaluation models because of the small size of most 
contemporary groups. Statistical adjustment for known 
environmental effects allows animals to be genetically 
evaluated on an equal basis. Adjustment factors are 
multiplicative or additive. Both types of factors equalize 
the means of the adjusted subclasses, but, multiplicative 
factors change the variance by the square of the adjustment 
ratio used. Additive factors do not change the variance. 
Ideally, specific factors should be used for each flock 
enrolled in the National Sheep Improvement Program (NSIP), to 
adjust individual records within a flock and production 
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cycle. However, the median flock size in the NSIP is 33 
breeding ewes, consequently, estimation of flock specific 
factors are not feasible. Additionally, few breeds in the 
NSIP have adequate representation across subclasses to make 
estimation of breed specific factors feasible. The 
adjustment factors currently used by the NSIP are 
multiplicative and a combination of factors estimated by USDA 
(1968), Notter et al. (1975), and Martin et al. (1980), and 
are used for all weaning ages evaluated by the NSIP. 
Therefore, the objectives of this study were to estimate 
separate adjustment factors for weaning weight at 30-d, 60-d, 
and 90 days, within breed type, for lamb records evaluated 
for genetic merit by NSIP. Adjustment factors for birth 
weight were also estimated using birth weight records 
collected by the NSIP. 
Materials and Methods 
Data 
The data for this study consisted of field records 
collected for genetic evaluation by the NSIP. The data were 
described in detail by Boggess et al. (1990). The six breeds 
with the largest current representation in the NSIP; 
Columbia, Dorset, Hampshire, Polypay, Rambouillet, and 
Suffolk, were used in this study. These breeds were assigned 
a breed type designation, with the large breed type including 
the Columbia, Hampshire, and Suffolk breeds and the small 
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breed type including the Dorset, Polypay, and Rambouillet 
breeds. Data for 30-d weaning weight were restricted to 
lambs 23 to 37 days of age. Data for 60 and 90-d weaning 
weight were restricted to lambs 39 to 81 and 69 to 111 days 
of age, respectively. Records for 30-d and 90-d weaning 
weight were adjusted to a constant age using the standard 
age-adjustment procedure (NSIP, 1986). A regression 
procedure was used to adjust records to 60 days, by breed, 
with the exception of Rambouillet. Rambouillet records were 
adjusted to 60 days using the standard age-adjustment only. 
Each record, for the remaining breeds, was initially adjusted 
to 60 days using the standard age-adjustment. Each record 
was then re-adjusted using a linear coefficient estimated by 
regressing age-adjusted weight on age at weaning as described 
by Boggess et al. (1990). Few records for lambs triplet born 
and raised single or lambs triplet born from yearling ewes 
were present in the data, therefore, these subclasses were 
deleted. After editing, the data consisted of 13,501 birth 
records, 3,423 30-d records, 10,988 60-d records, and 3,285 
90-d records. 
Analysis of data 
Model Estimation of adjustment factors is usually 
accomplished using mixed model or least squares procedures. 
Both procedures have advantages and disadvantages. Lush and 
Shrode (1950) reported that selection or sequential culling 
60 
of animals can bias the estimation of age-of-dam factors 
using gross or paired comparisons, in dairy cattle. They 
also reported that genetic or environmental trends may 
introduce bias into the estimation of adjustment factors. 
Miller et al. (1966) described the advantage of a Maximum 
Likelihood (ML) procedure over least squares for estimation 
of age-of-dam effects in dairy cattle by showing that least 
squares assumes constant repeatability across records which 
ML does not. ML and Best Linear Unbiased Procedures (BLUP) 
also account, in theory, for the effects of selection or 
sequential culling, and genetic or environmental trend 
(Henderson, 1975). Least squares procedures are much less 
demanding computationally and are accurate for data with no 
genetic or environmental trend or selection bias. A least 
squares procedure was used across analyses in this study 
based on the following conclusions; 
1) there were relatively few repeated records for ewes in 
the data and virtually no ewes with greater than three 
records, 
2) no selection or sequential culling occurred within the 
data based on statistical evaluation of genetic merit, 
3) estimation of breed specific adjustment factors was 
not feasible because of insufficient data, and 
4) genetic and environmental trends were assumed non­
existent in the data. 
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Additionally, if dam effects are assumed random, then 
deleting them from the model will not bias estimates of the 
fixed effects (Henderson, 1975). However, the fixed effect 
solutions are no longer Best Linear Unbiased Estimators 
(BLUE) in that they are not minimum variance. 
The estimation of individual breed adjustment factors, 
particularly for age-of-dam, may necessitate the use of mixed 
model procedures once the NSIP data base encompasses several 
years. Age-of-dam effects, in particular, are subject to 
bias by selection or sequential culling of ewes, and by 
genetic or environmental trend. 
Birth weight Birth weight (BW) was analyzed by breed 
and breed type using a least squares model; 
B"ijklinn = W + Bi + Gj + 3% + ?! + 
+ + (ST)ki + (SA)^ + (TA)i„ + 
where was the birth weight record, /i was the mean, B^ 
was the ith breed, Gj was the jth contemporary group, Sj^ was 
the kth sex, was the 1th type-of-birth, A^ was the mth 
age-of-dam and the residual error with mean zero 
and variance Contemporary group for weaning weight was 
defined as a common flock, year, season, and level of 
management. Contemporary group for birth weight was defined 
as a common flock, year, and season. A second model was used 
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to estimate adjustment factors which included only main 
effects. 
Residual variances for each level of sex, age-of-dam, 
type of birth and B/R were calculated for the combined data 
set and each breed type to determine the level of 
heterogeneity of variance among subclasses. A similar 
analysis was conducted for BW and 30-d, 60-d, and 90-d 
weaning weight. The model used to calculate the residual 
variances included each main effect except the one for which 
variances were being estimated. A similar procedure was used 
by Lewis et al. (1989). Subclass variances were tested for 
heterogeneity with Bartlett's test (Snedecor and Cochran, 
1980). 
30-d. 60-d. and 90-d weight Data for 30-d, 60-d, and 
90-d weaning weight were analyzed using models identical to 
those described for BW except that the effect of type-of-
birth was replaced with B/R. Adjustment factors were 
estimated with a model which included main effects only. 
Results 
Birth weight 
Analvsis of variance The BW analysis of variance 
(ANOVA) for the combined data set and each breed type are 
presented in Table 1. The ANOVA for each breed is presented 
in Table la, in Appendix B. The main effects were 
significant for each breed and breed type (P<.01) with the 
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Table 1. Analyses of variance of birth weight for all data, 
large, and small breed type® 
Source 
All data 
df^ MS' 
Large 
df MS 
Small 
df MS 
Breed (B) . 
Cont Group 
Sex (S) 
Type-birth 
Age of Dam 
B*S 
B*T 
B*A 
S*T 
S*A 
T*A 
Error 
(T) 
(A) 
5 
358 
1 
2 
6 
5 
10 
30 
2 
6 
11 
13064 
126.22 
9.90 
115.90 
703.05 
37.08 
12.74 
.58 
.69 
.65 
.43 
3.43 
.64 
** 
** 
** 
** 
** 
** 
** 
** 
2 
177 
1 
2 
6 
2 
4 
12 
2 
6 
11 
7442 
6.80 
10.57 
64.10 
373.35 
25.58 
.90 
.68 
1.53 
.05 
.27 
3.05 
.73 
** 
** 
** 
** 
** 
** 
2 
181 
1 
2 
6 
2 
4 
12 
2 
6 
11 
5603 
1.30 
9.19 
51.80 
324.10 
13.08 
1.20 
.35 
2.04. 
1.35' 
.72 
1.38 
.50 
** 
** 
** 
** 
** 
** 
.55 .42 .49 
^Large breed type includes Columbia, Hampshire, and 
Suffolk and small breed type includes Dorset, Polypay, and 
Rambouillet. 
^Contemporary group includes common flock, year, season, 
and management. 
"^Degrees of freedom. 
^Mean square. 
t p < . i o .  
*P<.05. 
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exception of breed in the analysis of small breed type. 
Type-of-birth accounted for a much larger portion of the 
variance than either sex or age-of-dam. The significance of 
interactions between main effects were variable. The breed 
by sex interaction was significant in the combined data set, 
but, not significant for either breed type. The breed by 
age-of-dam interaction was significant for the combined data 
set and in both breed types. The type-of-birth by age-of-dam 
interaction was significant for the combined data and both 
breed types as well as the Dorset (P<.10), Polypay (P<.05), 
and Suffolk (P<.01) breeds. However, interactions accounted 
for less than 2% of the explainable variation in any 
analysis. The interactions of sex by type-of-birth and sex 
by age-of-dam were not significant in any analysis with the 
exception of the small breed type where the effect of sex by 
type-of-birth was close to significant (P<.10). These 
results suggest that breed differences, within breed type, 
were minimal. However, the breed by age-of-dam interaction 
was significant for both breed types suggesting that 
individual breed by age-of-dam adjustments should be 
estimated when sufficient data is available. Estimation of 
simultaneous adjustment factors for type-of-birth and age-of-
dam may be necessary for individual breeds. 
In general, interactions between main effects for 
individual breeds were not significant with the exception of 
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type-of-birth by age-of-dam. This interaction was close to 
significant for three breeds (P<.10). However, none of the 
interactions accounted for more than 2.0% of the explainable 
variation in any breed. 
Subclass means and variances Least squares means and 
standard deviations (SD) by sex, type-of-birth, and age-of-
dam for the combined data set and each breed type are 
presented in Table 2. Larger birth weights were associated 
with greater variability for sex and type-of-birth for both 
breed types (P<.01). Birth weight increased from triplet 
(TR) to single (S) born lambs. The variance for S born lambs 
was significantly larger than the variance for twin (TW) or 
TR born lambs (P<.01), however, there was no difference in 
variation for TW and TR born lambs (P>.25). The least 
squares means for birth weight by age-of-dam were curvilinear 
with maximum birth weight occurring for ewes four or five 
years of age across analyses. Variances among age of dam 
subclasses were not heterogeneous across analyses (P>.50). 
These results suggest that multiplicative factors should be 
used for sex and additive factors for age of dam. 
Multiplicative factors are recommended for type-of-birth 
because of the relationship between the mean and variance of 
S and TW born lambs which constitute a majority of the data. 
However, multiplicative factors did not equalize the variance 
across type-of-birth subclasses for wethers within either 
Table 2. Birth weight (kg) least squares means (LSM), standard errors (SE), 
standard deviations (SD), and degrees of freedom (df) for sex, type-of-
birth (TOB), and age-of-dam (AGE) by breed type^ 
All data Large Small 
LSM SE^ SD*^ dfd LSM SE SD df LSM SE SD df 
Sex: E 4.74 .02 .77 6323 5.17 .03 .82 3620 4.31 .02 .69 2695 
R 5.04 .02 .83 6451 5.48 .03 .89 3679 4.58 .02 .74 2764 
TOB: S 5.73 .02 .89 2791 6.22 .03 .93 1533 5.20 .03 .84 1251 
TW 4.81 .02 .75 8500 5.24 .03 .82 4917 4.38 .02 .65 3576 
TR 4.13 .03 .77 1309 4.52 .04 .84 744 3.76 .03 . 66 559 
AGE: 1 4.30 .03 .78 1378 4.68 .04 .85 724 3.95 .04 .70 652 
2 4.72 .02 .79 3039 5.14 .03 .86 1824 4.32 .03 . 66 1212 
3 4.95 .02 .78 2595 5.41 .03 .82 1579 4.49 .03 .71 1013 
4 5.10 .02 .77 1889 5.58 .03 .83 1108 4.58 .03 .69 778 
5 5.15 .03 .76 1260 5.62 .04 .80 704 4.66 .03 .69 553 
6 5.01 .03 .76 759 5.46 .05 .83 379 4.55 .04 . 66 377 
>7 4.99 .03 .72 881 5.41 .04 .78 443 4.57 .04 .65 435 
^Large breed type includes Columbia, Hampshire, and Suffolk and small breed 
type includes Dorset, Polypay, and Rambouillet. 
^Standard error of least squares mean. 
^Standard deviation of subclass variance. 
"^Degrees of freedom for estimates of variance. 
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breed type. 
Least squares means for each breed, by sex, type-of-
birth, and age-of-dam, are presented in Table 2a, in 
Appendix B. Least squares means varied across breed type, 
but, were similar across breeds within each breed type. 
Estimates for sex were largest for rams across breeds and 
birth weight consistently increased from TR to S born 
lambs. The estimates for age-of-dam were curvilinear with 
maximum birth weights occurring for ewes four or five years 
of age across breeds. 
Adjustment factors Multiplicative and additive 
adjustment factors for sex, type-of-birth, and age-of-dam 
are presented in Table 3 for the combined data and each 
breed type. The age-of-dam adjustment factors were equated 
to a mature equivalent base corresponding to the age-of-dam 
subclass with maximum performance. The base used for the 
large breed type was the four-year-old and five-year-old 
subclasses, and the base used for the small breed type was 
the five-year-old subclass. The multiplicative factors 
were similar across analyses and were identical for sex and 
type-of-birth. The additive factors reflected differences 
in actual birth weight between the breed types and varied 
as much as .21 kg within subclasses. Multiplicative factors 
for sex and type-of-birth and additive age-of-dam, within 
breed type, are recommended for birth weight. 
Table 3. Multiplicative and additive adjustment factors for 
birth weight by sex, type-of-birth (TOB), and age-
of-dam (AGE) for each breed type 
Multiplicative Additive (kg) 
All L* S» All L S 
Sex: E 1.06 1.06 1.06 .30 .31 .28 
R 1.00 1.00 1.00 .00 .00 .00 
TOB: Single .84 .84 .84 -.92 -.98 -.83 
Twin 1.00 1.00 1.00 .00 .00 .00 
Triplet 1.17 1.16 1.16 .68 .72 .62 
AGE: 1 1.20 1.20 1.18 .85 .92 .71 
2 1.09 1.09 1.08 .43 .47 .34 
3 1.04 1.03 1.04 .20 .20 .17 
4 1.01 1.00 1.02 .05 .00 .08 
5 1.00 1.00 1.00 .00 .00 .00 
6 1.03 1.03 1.02 .14 .15 .11 
>7 1.04 1.03 1.02 .16 .20 .12 
^Large breed type includes Columbia, Hampshire, and 
Suffolk. 
^Small breed type includes Dorset, Polypay, and 
Rambouillet. 
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* 
30-d weight 
Analysis of variance The ANOVA of 30-d weight for the 
combined data and each breed type are presented in Table 4. 
The ANOVA of 30-d weight for each breed are presented in 
Table 4a, in Appendix B. The main effects were significant 
in both breed types. In the combined data set, the 
interactions for breed by age-of-dam, sex by B/R, and B/R by 
age-of-dam were all significant. The B/R by age-of-dam 
interaction was significant in the large breed type, and all 
interactions between sex, age-of-dam, and B/R were 
significant in the small breed type. Interactions for breed 
by sex and breed by age-of-dam were also significant in the 
small breed type. Within the large breed type the effect of 
B/R was significant across breeds while the effect of age-of-
dam was close to significant for Suffolk only (P<.10). Sex 
was significant for Columbia (P<.05) and Suffolk (P<.01), 
but, not for Hampshire. The sex by B/R interaction was close 
to significant for Columbia (P<.10) and in the Hampshire 
breed, the sex by age-of-dam interaction was close to 
significant (P<.10) and the B/R by age-of-dam interaction was 
significant (P<.01). All main effects for breeds in the 
small breed type were significant (P<.01) with the exception 
of sex for Rambouillet. The interaction for sex by B/R was 
significant for Dorset and Polypay (P<.05), sex by age-of-dam 
was significant for Polypay (P<.01), and the B/R by 
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Table 4. Analyses of variance of 30-d weight for all data, 
large, and small breed type^ 
All data Large Small 
Source df^ MS° df MS df MS 
Breed (BD)^ 5 86.00** 2 29.05** 2 13.65** 
Cont Group" 110 48.18.. 48 47.32. . 62 47.16^^ 
** 2 38.70** 2 82.10** 
4 214.38 4 351.40' 
Age of Dam (A) 6 27.98 6 18.15 6 12.58 
Sex (S) 2 128.15.. .. lo' 
Birth/rear (B/R) 4 550.38** ** ** 
BD*S 10 6.17 4 1.08 4 9.43* 
BD*B/R 20 3.82 8 2.96 8 2.71.. 
BD*A 30 6.87 12 1.85 12 11.29** 
S*B/R 8 13.80 8 4.30 8 14.91 
S*A 12 6.49 12 3.37. 12 9.31.. 
B/R*A 22 7.71 21 8.76 22 7.61 
Error 3194 4.53 1231 5.46 1922 3.89 
R^ .56 .48 .51 
Large breed type includes Columbia, Hampshire, and 
Suffolk and small breed type includes Dorset, Polypay, and 
Rambouillet. 
^Contemporary group includes common flock, year, season, 
and management. 
^Degrees of freedom. 
^Mean square. 
*P<.05. 
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age-of-dain interaction was significant for Dorset (P<.01) and 
Polypay (P<.01). Interactions between main effects excluding 
breed were significant for the small breed type. These 
results suggest that specific breed adjustment factors for 
age-of-dam should be estimated for 30-d weaning weight 
sufficient data are available, and that simultaneous 
adjustment factors for two or more effects may be needed for 
some breeds. 
Subclass means and variances Least squares means and 
standard deviations for 30-d weaning weight by sex, B/R, and 
age-of-dam are presented in Table 5. Increased 30-d weights 
were associated with increased variation for sex in both 
breed types. However, the subclass variances were not 
significantly different for either breed type (P>.25). The 
variances for B/R were heterogeneous for the combined data 
set (P<.05) and the small breed type (P<.01) across 
subclasses, however, the variances for B/R were not 
significantly different for the large breed type (P>.25). 
Subclass variances for age-of-dam, across analyses, were not 
heterogeneous (P>.25). 
Least squares means for each breed, by sex, B/R, and 
age-of-dam, are presented in Table 5a, in Appendix B. Means 
varied by breed type, but, were relatively similar across 
breeds within breed type. Larger weaning weights were found 
for rams followed by wethers and ewes across breeds, with the 
Table 5. Least squares means (LSM), standard errors (SE), standard deviations (SD), 
and degrees of freedom (df) for 30-d weight by sex, type-of-birth/rearing 
(B/R) and age-of-dam (AGE) for each breed type^ 
All data Large Small 
LSM SE b SD dfC LSM SE SD df LSM SE SD df 
Sex: E 12.98 .11 2 .28 1733 13.76 .17 2 .53 697 12.09 .16 2.09 1025 
R 14.02 .12 2 .39 1360 14.85 .18 2 .62 477 13.10 .16 2.25 872 
W 13.48 .16 2 .31 342 14.19 .23 2 .44 193 12.68 .23 2.08 138 
B/R: S/S 16.39 .12 2 .54 699 17.31 .17 2 .64 270 15.41 .17 2.47 421 
TW/S 14.01 .19 2 .50 100 14.85 .30 2 .74 33 13.14 .25 2.46 59 
TW/TW 13.21 .10 2 .19 2193 14.12 .14 2 .40 896 12.26 .15 2.02 1289 
TR/TW 12.53 .20 2 .11 125 13.18 .31 2 .40 53 11.75 .27 1.70 65 
TR/TR 11.31 .18 2 .08 199 11.87 .35 2 .19 53 10.55 .22 1.98 140 
AGE: 1 12.12 .16 2 .31 499 13.05 .26 2 .39 169 11.18 .22 2.27 276 
2 13.29 .13 2 .28 838 14.06 .19 2 .53 329 12.46 .18 2.08 503 
3 13.98 .13 2 .36 650 14.80 .20 2 .59 299 13.11 .18 2.16 344 
4 14.01 .14 2 .01 513 15.19 .21 2 .13 211 12.91 .19 1.88 296 
5 14.22 .15 2 .16 351 15.14 .25 2 .30 129 13.26 .20 2.09 215 
6 13.67 .18 2 .17 172 13.94 .34 2 .36 39 13.00 .22 2.05 127 
>7 13.16 .17 2 .32 218 13.70 .29 2 .44 80 12.45 .22 2.06 132 
^Large breed type includes Columbia, Hampshire, and Suffolk and small breed 
type includes Dorset, Polypay, and Rambouillet. 
^Standard error of least squares mean. 
"^Degrees of freedom for estimates of variance. 
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exception of Rambouillet, where wether lambs were lighter 
than ewe lambs. Means for B/R increased linearly from TR/TR 
to S/S, with the exception of Hampshire where TR/TW lambs 
were lighter than TR/TR lambs.Means for age-of-dam were 
curvilinear across breeds with maximum 30-d weaning weights 
produced by ewes four or five years of age, with the 
exception of Dorset where maximum production occurred for 
three-year-old ewes. The performance of Dorset ewes four 
years of age and older was significantly poorer than three-
year-old ewes, as was the performance of four-year-old 
Polypay ewes in relation to Polypay ewes three and five years 
of age. These anomalies are a probable cause of the 
interactions found in the small breed type between sex and 
B/R with age-of-dam. Similar patterns were not found for 
Dorsets at 60 or 90 days and the overall level of interaction 
at 60 and 90 days was much smaller for the small breed type. 
However, the performance of four-year-old Polypay ewes at 60 
and 90 days was consistently lower than either three-year-old 
or five-year-old ewes. 
Adjustment factors Multiplicative and additive 
adjustment factors for sex, B/R, and age-of-dam are presented 
in Table 6 for 30-d weaning weight. The age-of-dam 
adjustment factors were equated to a mature equivalent base 
corresponding to the age-of-dam subclass with maximum 
performance. The base used for both breed types was the 
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Table 6. Multiplicative and additive adjustment factors for 
30-d weight by sex, type-of-birth/rearing (B/R), and 
age-of-dam (AGE) for each breed type 
Multiplicative Additive (kg) 
All^ Lb S All L S 
E 1 . 0 8  1 . 0 8  1 . 0 8  1 . 0 4  1 . 0 9  1 . 0 0  
R 1.00 1.00 1.00 .00 .00 .00 
W  1 . 0 4  1 . 0 5  1 . 0 3  . 5 4  . 6 6  . 4 2  
s / s  . 8 1  . 8 2  . 8 0  - 3 . 1 8  - 3 . 1 9  - 3 . 1 5  
TW/S . 9 4  . 9 5  . 9 3  —  . 8 0  - . 7 3  - . 8 8  
TW/TW 1.00 1.00 1.00 .00 .00 .00 
TR/TW 1 . 0 5  1 . 0 7  1 . 0 4  . 6 8  . 9 4  . 5 2  
TR/TR 1.17 1 . 1 9  1 . 1 6  1 . 9 0  2 . 2 5  1.71 
1  1.17 1 . 1 6  1 . 1 9  2 . 1 0  2 . 1 4  2 . 0 7  
2  1 . 0 7  1 . 0 8  1 . 0 6  . 9 3  1 . 1 4  . 7 9  
3  1 . 0 2  1 . 0 3  1 . 0 1  . 2 4  . 4 0  .15 
4 1 . 0 2  1 . 0 0  1 . 0 1  . 2 1  . 0 0  . 1 0  
5 1.00 1.00 1.00 .00 .00 .00 
6 1 . 0 4  1 . 0 9  1 . 0 2  . 5 5  1 . 2 6  . 2 6  
> 7  1 . 0 8  1 . 1 1  1 . 0 7  1 . 0 5  1 . 5 0  . 8 1  
Sex: 
B/R: .c 
AGE: 
^Large breed type includes Columbia, Hampshire, and 
Suffolk. 
'^Small breed type includes Dorset, Polypay, and 
Rambouillet. 
°Birth/rearing type includes single (S), twin (TW), and 
triplet (TR). 
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five-year-old subclass. The multiplicative factors were 
similar across breed type. However, differences of one kg 
existed between the additive age-of-dam subclasses for the 
large and small breed type. Subclass variances for sex, in 
both breed types, and the B/R subclass variances for the 
large breed type were not significantly heterogeneous. 
However, larger 30-d weights were associated with larger 
variances for all sex and B/R subclasses. Therefore, 
additive age-of-dam and multiplicative sex and B/R factors 
are recommended. 
60-d weight 
Analysis of variance The ANOVA for 60-d weight for 
the combined data set and each breed type are presented in 
Table 7. The ANOVA for 60-d weight for each breed is 
presented in Table 7a, in Appendix B. The main effects were 
significant for each breed and breed type, with the exception 
of breed in the small breed type. The variation attributable 
to B/R was much larger than sex or age-of-dam, for each breed 
and breed type. In the combined data set, all interactions 
were significant except sex by age-of-dam. Within the large 
breed type, the interactions for breed by B/R, breed by age-
of-dam, and sex by B/R were significant. In the small breed 
type the breed by sex, breed by age-of-dam, and sex by age-
of-dam interactions were all significant. The interactions 
within breed were generally less important. For breeds 
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Table 7. Analyses of variance of 60-d weight for all data, 
large, and small breed type® 
Source 
All data 
dr MS" 
Large 
df MS 
Small 
df MS 
Breed (BD) , 5 
Cont Group 274 
Sex (S) 2 
Birth/rear (B/R) 4 
Age of Dam (A) 6 
BD*S 10 
BD*B/R 20 
BD*A 30 
S*B/R 8 
S*A 12 
B/R*A 22 
Error 
r2 
10594 
.55 
1049. 
418. 
2215. 
4076. 
629. 
33. 
43. 
42. 
42. 
17. 
29. 
68 
53 
20 
58 
88 
84 
80 
11 
79 
** 
** 
** 
** 
** 
** 
** 
** 
16.89 
2 
148 
2 
4 
6 
4 
8 
12 
8 
12 
22 
6092 
.47 
189.70 
477.25 
1240.45 
2061.23 
436.47 
6.20 
72.18 
37.80' 
44.19 
17.22 
27.77 
** 
** 
** 
** 
** 
** 
2 
126 
2 
4 
6 
4 
8 
12 
8 
12 
22 
20.04 4460 
.54 
15.10 
342.00 
830.80 
1935.33 
235.22 
51.53 
19.16 
49.28 
15.00 
29.94 
13.59 
** 
** 
** 
** 
** 
** 
** 
12.58 
^Large breed type includes Columbia, Hampshire, and 
Suffolk and small breed type includes Dorset, Polypay, and 
Rambouillet. 
^Degrees of freedom. 
°Mean square. 
^Contemporary group includes common flock, year, season, 
and management. 
*P<.05. 
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included in the large breed type, the sex by B/R interaction 
was significant for Suffolk (P<.10), the sex by age-of-dam 
interaction was close to significant for Columbia (P<.10), 
and the B/R by age of dam interaction was significant for 
Columbia (P<.05) and Hampshire (P<.01). In the small breed 
type, the sex by age-of-dam interaction was significant for 
Polypay (P<.01) and Rambouillet (P<.05) and the B/R by age-
of-dam interaction was close to significant for Dorset 
(P<.10) and Polypay (P<.01). These results suggest that 
breed differences within each breed type were minimal, 
particularly in the small breed type. However, the 
significance of the breed by age-of-dam and breed by B/R 
interactions indicates that individual breed adjustment 
factors should be estimated for 60-d weight when sufficient 
data are available. 
Subclass means and variances Least squares means and 
standard deviations for 60-d weaning weight, by sex, B/R, and 
age-of-dam are presented in Table 8. Increased 60-d weights 
were associated with increased variation for sex and B/R in 
both breed types. However, the relationship between the mean 
and variance for TR born lambs was inverted for both breed 
types and was not proportional. The TR/TR subclass 
consistently had a smaller mean and larger standard deviation 
than the TR/TW subclass. Subclass variances for age of dam 
were not heterogeneous across for either breed type (P>.25). 
Table 8. Least squares means (LSM), standard errors (SE), standard deviations (SD), 
and degrees of freedom (df) for 60-d weight by sex, type-of-birth/rearing 
(B/R), and age-of-dam (AGE) for each breed type^ 
Subclass 
All data Large Small 
LSM SE^ SD dfC LSM SE SD df LSM SE SD df 
Sex: E 22.86 .11 4.29 5155 24.30 .17 4.67 697 21.38 .12 3.68 2167 
R 25.12 .11 4.84 4160 26.76 .18 5.22 477 23.39 .13 4.29 1820 
W 23.37 .16 4.41 1071 24.72 .24 4.58 193 22.15 .23 4.08 388 
B/R: S/S 27.77 .12 4.90 2326 29.40 .18 5.32 270 26.12 .14 4.34 1040 
TW/S 25.12 .18 4.78 478 26.76 .27 5.26 33 23.42 .25 3.84 166 
TW/TW 23.49 .10 4.33 6165 25.00 .16 4.65 896 21.99 .11 3.85 2587 
TR/TW 22.14 .20 3.97 421 23.70 .28 4.14 53 20.58 .30 3.52 122 
TR/TR 20.39 .19 4.23 593 21.46 .29 4.77 53 19.41 .23 3.62 287 
AGE: 1 21.01 .17 4.70 1130 22.32 .25 5.14 169 19.86 .22 4.03 482 
2 23.26 .13 4.44 2403 24.83 .19 4.80 329 21.72 .16 3.74 886 
3 24.44 .13 4.31 2134 26.09 .20 4.60 299 22.75 .17 3.80 831 
4 24.69 .14 4.42 1506 26.36 .21 4.77 211 22.96 .18 3.87 623 
5 24.94 .15 4.42 1058 26.59 .24 4.75 129 23.26 .19 3.96 465 
6 24.31 .18 4.30 610 25.67 .28 4.77 39 22.95 .22 3.81 309 
>7 23.83 .17 4.37 804 24.97 .27 4.83 80 22.63 .20 3.89 429 
^Large breed type includes Columbia, Hampshire, and Suffolk and small breed 
type includes Dorset, Polypay, and Rambouillet. 
^Standard error of least squares mean. 
^Degrees of freedom for estimates of variance. 
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Least squares means for each breed, by sex, B/R, and 
age-of-dam are presented in Table 8a, in Appendix B. Weaning 
weight at 60-d increased, within breed, from ewes to rams 
with wethers intermediate, with the exception of Rambouillet 
where ewe lambs were heavier than wether lambs. A similar 
pattern was found for B/R with a consistent linear increase 
in 60-d weight across subclasses from TR/TR to S/S. The 
exception was Dorset where TR/TW lambs were lighter than 
TR/TR lambs. The least squares means for age-of-dam were 
curvilinear across breeds with maximum 60-d weights occurring 
for ewes four or five years of age, with the exception of 
Columbia where maximum production occurred for six-year-old 
ewes. 
Adjustment factors Multiplicative and additive 
adjustment factors for sex, B/R, and age-of-dam are presented 
in Table 9, for 60-d weaning weight. The age-of-dam 
adjustment factors were equated to a mature equivalent base 
corresponding to the age-of-dam subclass with maximum 
performance. The base used for both breed types was the 
five-year-old subclasses. The multiplicative factors for 
sex, B/R, and age-of-dam were similar across analyses with 
the largest subclass differences between breed types 
occurring for the TR/TR B/R and the six and seven-year-old 
age-of-dam subclasses. However, differences of .99 kg exist 
between additive factors for the large and small breed types. 
Table 9. Multiplicative and additive adjustment factors for 
60-d weight by sex, type-of-birth/rearing (B/R), and 
age-of-dam (AGE) for each breed type 
Multiplicative Additive (kg) 
All® L b  s  All L  s  
Sex: E  1 . 1 0  1 . 1 0  1 . 0 9  2 . 2 6  2 . 4 5  2 . 0 1  
R 1 . 0 0  1 . 0 0  1 . 0 0  . 0 0  . 0 0  . 0 0  
W  1 . 0 8  1 . 0 8  1 . 0 6  1 . 7 5  2 . 0 4  1 . 2 3  
B/R: s / s  . 8 5  . 8 5  . 8 4  - 4 . 2 9  - 4 . 4 0  - 4 . 1 3  
TW/S . 9 3  . 9 3  . 9 4  - 1 . 6 4  - 1 . 7 6  - 1 . 4 3  
TW/TW 1 . 0 0  1 . 0 0  1 . 0 0  . 0 0  . 0 0  . 0 0  
TR/TW 1 . 0 6  1 . 0 5  1 . 0 7  1 . 3 4  1 . 3 0  1 . 4 2  
TR/TR 1 . 1 5  1 . 1 7  1 . 1 3  3 . 1 0  3 . 5 4  2 . 5 8  
AGE: 1  1 . 1 9  1 . 1 9  1 . 1 7  3 . 9 3  4 . 2 8  3 . 4 1  
2  1 . 0 7  1 . 0 7  1 . 0 7  1 . 6 8  1 . 7 7  1 . 5 4  
3  1 . 0 2  1 . 0 2  1 . 0 2  . 5 1  . 5 0  . 5 1  
4  1 . 0 1  1 . 0 1  1 . 0 1  . 2 5  . 2 3  . 3 0  
5  1 . 0 0  1 . 0 0  1 . 0 0  . 0 0  . 0 0  . 0 0  
6  1 . 0 3  1 . 0 4  1 . 0 0  . 6 3  . 9 3  . 3 2  
> 7  1 . 0 5  1 . 0 7  1 . 0 3  1 . 1 2  1 . 6 3  . 6 4  
^Large breed type includes Columbia, Hampshire, and 
Suffolk. 
^Small breed type includes Dorset, Polypay, and 
Rambouillet. 
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Multiplicative sex and B/R adjustment factors and additive 
age-of-dam adjustment factors are recommended for 60-d 
weaning weight. 
90-d weight 
Analvsis of variance The ANOVA of 90-d weight for 
the combined data and each breed type are presented in Table 
10. The ANOVA of 90-d weight for each breed is presented in 
Table 10a, in Appendix B. The main effects were significant 
for each breed and breed type, with the exception of sex for 
Columbia and Polypay and age-of-dam for Columbia and Polypay. 
The variance attributable to B/R was consistently larger than 
the variation for sex and age-of-dam across analyses. 
Interactions, in general, were much less important for 90-d 
weight than for either 30-d or 60-d weight. All breed 
interactions were significant for the combined data set, 
however no breed interactions were significant for the large 
breed type. The breed by sex interaction was close to 
significant and the breed by age-of-dam interaction was 
significant in the small breed type. The sex, B/R, and age-
of-dam interactions were not significant with the exception 
of the B/R by age-of-dam interaction for the large breed type 
(P<.01), and the Suffolk (P<.01), and Rambouillet (P<.05) 
breeds. The sex by B/R interaction was significant for 
Columbia (P<.05). These results suggest that breed 
differences, within breed type were minimal. However, the 
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Table 10. Analyses of variance of 90-d weight for all data, 
large, and small breed type® 
Source 
All data 
df'' MS' 
Large 
df MS 
Small 
df MS 
Breed (BD) 5 1274 
Cont Group 101 684 
Sex (S) 2 1075 
Birth/rear (B/R) 4 1107 
Age of Dam (A) 6 239 
BD*S 10 90 
BD*B/R 20 43 
BD*A 30 45 
S*B/R 8 34 
S*A 12 31 
B/R*A 22 36 
. 06 
.48 
.75 
.30 
.23 
. 6 8  
.03 
.77' 
.81 
.79 
.11 
** 
** 
** 
** 
** 
** 
t 
2 
56 
2 
4 
6 
4 
8 
12 
8 
12 
22 
211.30 
898.80 
1033.80 
899.83 
134.28 
23.25 
42.10 
32.16 
22.61 
44.32 
65.25 
** 
** 
** 
** 
** 
** 
2 
45 
2 
4 
6 
4 
8 
12 
7 
12 
22 
511. 
404. 
234. 
315, 
160, 
50, 
34. 
49. 
17. 
11. 
21. 
00 
93 
85 
03 
78f 
81 
07 
70 
10 
17 
.** 
** 
** 
** 
* * 
** 
Error 
n2 
3064 27.34 1738 
.66 .59 
31.37 1285 
.61 
21.55 
^Large breed type includes Columbia, Hampshire, and 
Suffolk and small breed type includes Dorset, Polypay, and 
Rambouillet. 
^Degrees of freedom. 
°Mean square. 
^^Contemporary group includes common flock, year, season, 
and management. 
t p < . i o .  
*P<.05. 
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significance of the breed by age-of-dam interaction in the 
small breed type, suggests that individual breed adjustment 
factors for age-of-dam should be estimated when sufficient 
data are available for these breeds. 
Subclass means and variances Least squares means and 
standard deviations for 90-d weaning weight by sex, B/R, and 
age-of-dam, are presented in Table 11. Larger means and 
variances were associated with rams in both breed types. 
However, the relationship between ewes and wethers was 
inverted for the large and small breed types. The least 
squares means for wethers in the large breed type was smaller 
than the means for both ewes and rams, but, the standard 
deviation for wethers was higher than the standard deviation 
for both ewes and rams. The least squares means for wethers 
in the small breed type were intermediate, however, the 
standard deviation for wethers was smaller than the standard 
deviation for both ewes and rams. The variances for sex were 
heterogeneous in both breed types (P<.01). Larger means were 
generally associated with larger variances for B/R, with the 
exception of the TW/S subclass which consistently had the 
highest standard deviation. However, in contrast to 30-d and 
60-d weaning weight, the B/R subclasses were not 
significantly heterogeneous in either breed type (P>.10). 
Subclass variances for age-of-dam were not heterogeneous in 
either breed type (P>.25). 
Table 11. Least squares means (LSM), standard errors (SE), standard deviations 
(SD), and degrees of freedom (df) for 90-d weight by sex, type-of-
birth/rearing (B/R), and age-of-dam (AGE) for each breed type^ 
All data Large Small 
LSM SE^ SD dfC LSM SE SD df LSM SE SD df 
Sex: E 32.11 .21 5.14 1575 35.12 .28 5.61 915 29.15 .31 4.39 649 
R 35.78 .23 6.20 1229 39.46 .30 6.62 679 31.92 .33 5.57 539 
W 32.21 .40 6.31 240 34.97 .54 7.38 132 29.82 .59 4.15 99 
B/R; S/S 37.94 .25 5.84 714 41.64 .33 6.59 368 34.08 .35 4.87 338 
TW/S 35.41 .39 6.41 134 39.05 .55 7.02 77 31.65 .54 5.54 49 
TW/TW 33.25 .19 5.43 1809 36.41 .26 5.80 1044 30.12 .27 4.75 757 
TR/TW 30.83 .47 5.46 112 33.82 .60 5.86 80 28.39 .76 3.44 25 
TR/TR 29.40 .48 4.58 119 31.67 .67 4.86 61 27.26 . 66 3.98 55 
AGE: 1 30.01 .39 4.93 258 32.54 .56 5.14 140 27.81 .53 4.47 114 
2 32.76 .28 5.33 785 35.77 .37 5.82 432 29.85 .39 4.65 346 
3 34.41 .28 5.20 630 37.93 .37 5.63 389 30.77 .41 4.39 234 
4 34.65 .32 5.78 397 38.09 .41 6.10 259 31.12 .47 5.12 131 
5 34.30 .36 5.61 254 37.59 .48 6.32 149 31.12 .51 4.33 98 
6 34.22 .39 5.16 181 37.55 .57 5.27 80 30.99 .52 4.85 94 
>7 33.23 .37 5.87 233 36.15 .54 6.82 102 30.41 .49 4.78 124 
^Large breed type includes Columbia, Hampshire, and Suffolk and small breed 
type includes Dorset, Polypay, and Rambouillet. 
^Standard error of least squares mean. 
^Degrees of freedom for estimates of variance. 
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Least squares means for each breed by sex, B/R, and age-
of-dam are presented in Table 11a, in Appendix B. Least 
squares means for rams were heaviest across breeds. The 
relationship between ewes and wethers varied, with ewes 
heavier for Columbia, Suffolk, Polypay, and Rambouillet and 
wethers heavier for Hampshire and Dorset. The least squares 
means tended to increase from the TR/TR to the S/S subclass. 
However, the least squares means of the TR/TW subclass was 
smaller than the mean of the TR/TR subclass for both 
Hampshire and Dorset, and the least squares mean of the TW/TW 
subclass was smaller than the mean of the TR/TW subclass for 
Polypay. The least squares means for age-of-dam were 
generally curvilinear with maximum 90-d weights occurring for 
four or five-year-old ewes in most breeds. However the trend 
across age-of-dam subclasses, within breeds, was more 
variable than either 30-d or 60-d weight. 
Adjustment factors The multiplicative and additive 
adjustment factors for sex, B/R, and age-of-dam are presented 
in Table 12 for 90-d weaning weight. The age-of-dam 
adjustment factors were equated to a mature equivalent base 
corresponding to the age-of-dam subclass with maximum 
performance. The base used for the both breed types was the 
four-year-old subclass. The multiplicative factors for sex 
and B/R were similar for both breed types. The exception was 
the sex adjustment factor for wethers in the large breed 
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Table 12. Multiplicative and additive adjustment factors for 
90-d weight by sex, type-of-birth/rearing (B/R), 
and age-of-dam (AGE) for each breed type 
Multiplicative Additive (kg) 
All^ S All L S 
Sex: E 
R 
W 
B/R:° S/S 
TW/S 
TW/TW 
TR/TW 
TR/TR 
AGE: 1 
2 
3 
4 
5 
6 
>7 
1.11 1.12 
1.00 1.00 
1.08 1.13 
.88 .87 
.94 .93 
1.00 1.00 
1.08 1.08 
1.13 1.15 
1.15 1.17 
1.06 1.07 
1.01 1.01 
1.00 1.00 
1.01 1.01 
1.01 1.01 
1.04 1.05 
1.10 3.67 
1.00 .00 
1.07 3.57 
.88 -5.23 
.95 -2.64 
1.00 .00 
1.06 2.60 
1.11 4.74 
1.12 4.64 
1.04 1.89 
1.01 .24 
1.00 .00 
1.00 .35 
1.01 .43 
1.02 1.42 
4.33 2.77 
.00 .00 
4.49 2.10 
—3.96 —4.69 
-1.53 -2.16 
.00 .00 
1.72 2.42 
2.86 3.85 
5.55 3.32 
2.33 1.27 
.17 .36 
.00 .00 
.50 .00 
.54 .14 
1.95 .72 
^Large breed type includes Columbia, Hampshire, and 
Suffolk. 
^Small breed type includes Dorset, Polypay, and 
Rambouillet. 
^Birth/rearing type includes single (S), twin (TW), and 
triplet (TR). 
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type, which was larger than the adjustment factor for ewes. 
Differences of 2.23 kg existed in the additive adjustment 
factors between breed type. The subclass variances for B/R 
were not significantly heterogeneous. However, the means and 
variances were proportional for the S/S, TW/TW, and TR/TR 
subclasses. Therefore, multiplicative adjustment factors are 
recommended for sex and B/R and additive factors are 
recommended for age-of-dam. 
Discussion 
Interactions 
Interactions between sex, B/R, and age-of-dam varied in 
significance across analyses for both breed types and were 
generally less important within individual breeds than breed 
types. No single interaction was consistently significant 
across each breed within a breed type. The amount of 
variation attributable to interactions was comparatively 
small and accounted for less than 2% of the total variation 
in all analyses except the analysis of 30-d weaning weight 
for the small breed type. Similar results were reported by 
Hotter et al. (1975), Martin et al. (1980), and Lewis et al. 
(1989) . The inconsistent pattern of interactions between 
sex, B/R, and age-of-dam, combined with significant breed by 
sex, B/R, and age-of-dam interactions for some analyses, 
underscores the need for breed specific adjustment factors 
when sufficient data are available. Estimation of 
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simultaneous adjustment factors for two or more effects 
should be investigated for individual breeds. 
Sex 
The effect of sex on birth and weaning weight was 
consistently significant with heavier birth and weaning 
weights associated with larger variances for both rams and 
ewes. Consequently, multiplicative adjustment factors are 
recommended for both breed types across analyses. The 
advantage of rams over ewes and wethers tended to increase as 
age at weaning increased from 30 to 90 days. The performance 
of ewes and wethers for weaning weight was similar, with 
wethers generally having a slight advantage. However, wether 
lambs had consistently larger standard deviations than ewes. 
This difference was most likely due to smaller subclass 
numbers and castration of lambs at various ages within the 
data set. Consequently, multiplicative adjustment factors 
adequately standardized subclass variances for rams and ewes 
across analyses, but, not the subclass variance for wethers. 
Tvpe-of-birth/rearina 
The effect of type-of-birth for birth weight and B/R for 
weaning weight was significant for both breed types across 
analyses and consistently accounted for a much larger amount 
of variation than did either sex or age-of-dam. Heavier 
weights were generally associated with larger variances 
across analyses, particularly for the S/S, TW/TW, and TR/TR 
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subclasses. Consequently, multiplicative adjustment factors 
are recommended for birth and weaning weight. However, the 
variation and rank of the TW/S and TR/TW subclasses for 
weaning weight were not consistent. Therefore, 
multiplicative adjustment factors adequately standardized 
subclass variances for the S/S, TW/TW, and TR/TR subclasses 
across analyses (P>.10), but, not the variances for the TW/S 
and TR/TW subclasses (P<.01). The inconsistencies in these 
two subclasses were most likely a result of smaller subclass 
numbers and changes in growth patterns caused by the loss of 
a litter mate at varying ages within the data set. The range 
in advantage between S/S lambs and TR/TR lambs tended to 
decrease as age at weaning increased from 30 to 90 days. 
However, the multiplicative adjustment factors were similar 
across breed types for 30-d, 60-d, and 90-d weaning weight. 
Aae-of-dam 
The effect of age-of-dam was significant for both breed 
types across analyses and was consistently curvilinear with 
maximum birth and weaning weights occurring for ewes four and 
five years of age. The subclass variances for age-of-dam 
were not significantly heterogeneous for either breed type, 
across analyses (P>.25). Consec[uently, additive age-of-dam 
adjustment factors are recommended. In contrast, most 
adjustment factors for age-of-dam reported in the literature 
were multiplicative (USDA, 1968; Notter et al., 1975; and 
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Martin et al., 1980). However, Lewis et al. (1989) 
recommended additive adjustment factors for age-of-dam for 
Rambouillet. A majority of beef breeds also recommend 
additive adjustment factors for age-of-dam (BIF, 1986). The 
adjustment factors for age-of-dam within each breed type 
tended to be similar for ewes three to five years of age, 
however, the factors for immature and aged ewes tended to 
diverge between breed types, with adjustment factors for the 
large breed type consistently larger then the factors for the 
small breed type. The range in adjustment factors between 
immature and mature ewes tended to increase as age at weaning 
increased from 30 to 90 days. 
Implications 
This study illustrates the importance of adjustment 
factors for environmental effects such as sex, B/R, and age-
of-dam, which cannot be fit in the genetic evaluation models 
used by the NSIP. Future analyses should consider 
incorporating random ewe or sire effects, into the model once 
the NSIP data encompasses several years of potentially 
selected data. Breed specific factors should be estimated 
when sufficient data are available, particularly factors for 
age-of-dam. This study also found that changes are needed in 
the adjustment factors currently used by the NSIP. 
Multiplicative sex and B/R adjustment factors were 
recommended for birth weight, and 30-d, 60-d, and 90-d 
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weaning weight, within each breed type. Additive age-of-dam 
adjustment factors were recommended for birth weight and 30-
d, 60-d, and 90-d weaning weight within each breed type. 
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SECTION III. ADJUSTMENT FACTORS FOR NUMBER-OF-LAMBS-BORN 
AND KILOGRAMS-OF-LAMB-WEANED AT 30, 60, AND 90 DAYS 
Abstract 
Adjustment factors for number-of-lambs-born (NLB) per 
parity and kilograms-of-lamb-weaned (KLW) per parity were 
estimated, by age-of-ewe, for ewes enrolled in the National 
Sheep Improvement Program (NSIP). The data consisted of 
field records collected for genetic evaluation by the NSIP. 
The six breeds with the largest current representation in the 
NSIP were assigned a breed type designation. The large breed 
type included the Columbia, Hampshire, and Suffolk breeds and 
the small breed type included the Dorset, Polypay, and 
Rambouillet breeds. The data consisted of 8,615 records for 
NLB, 2,159 records for KLW at 30 days, 6,788 records for KLW 
at 60 days, and 2,148 records for weaning at 90 days. The 
data were analyzed using a least squares model which included 
effects for breed, contemporary group, age-of-ewe, and the 
interaction between age-of-ewe and breed. Age-of-ewe effects 
were significant for both NLB and KLW at 30-d, 60-d, and 90-d 
within breed type. The least squares means for age-of-ewe 
were curvilinear for NLB and KLW in each breed type. Maximum 
performance occurred consistently for three to five-year-old 
ewes in the both breed types. Age-of-ewe subclass variances 
for NLB were heterogeneous and the age-of-ewe subclass means 
and variances proportional, with increased prolificacy 
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associated with increased variation. Therefore, 
multiplicative adjustment factors are recommended. Age-of-
ewe subclass variances for KLW were not heterogeneous in most 
analyses within breed type. However, the age-of-ewe subclass 
means and variances for KLW were proportional, with 
increased productivity consistently associated with increased 
variation. Therefore, multiplicative adjustment factors are 
recommended. 
Introduction 
The National Sheep Improvement Program evaluates two 
maternal traits for genetic merit. These traits are number-
of-lambs-born (NLB) per parity and kilograms-of-lamb-weaned 
(KLW) per parity. KLW is defined by the NSIP as the sum of 
the weaning weights for an individual ewe and litter. 
Differences in NLB, by age of ewe, are documented in the 
literature, with investigators consistently reporting an 
average increase in prolificacy of .2 - .3 lambs from ewes 
one year of age to three or four years of age, and an 
increase in KLW from ewes one year of age to maturity (Long 
et al., 1989; Basuthakur et al., 1973; Dickerson and Glimp, 
1975; Eikje, 1971; Glimp, 1971; Sidwell and Miller, 1971; 
Vakil, 1968; and Sidwell et al., 1962). KLW is a composite 
trait and includes differences in prolificacy and maternal 
ability, and differences in growth performance of male and 
female lambs. Currently, the NSIP statistically adjusts KLW 
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by adjusting each weaning weight record for sex and age-of-
dam. The adjusted lamb records, for each ewe, are then 
summed to determine KLW for each ewe. However, these 
adjustments do not adequately adjust KLW for differences in 
NLB by age-of-ewe. Therefore, the objectives of this study 
were to estimate age-of-ewe adjustment factors for NLB and 
KLW, by breed type, for sheep enrolled in the NSIP. The KLW 
was analyzed for weaning at 30, 60, and 90 days. 
Materials and Methods 
Data 
The data consisted of field records collected for genetic 
evaluation by the NSIP. The data were described in detail by 
Boggess et al. (1990a). The six breeds with the largest 
current representation in the NSIP; Columbia, Dorset, 
Hampshire, Polypay, Rambouillet, and Suffolk, were used in 
this study. These breeds were assigned a breed type 
designation based on criteria described by Boggess (1990). 
The large breed type included the Columbia, Hampshire, and 
Suffolk breeds and the small breed type included the Dorset, 
Polypay, and Rambouillet breeds. Data for 30-d weaning 
weight were restricted to lambs 23 to 37 days of age. Data 
for 60-d and 90-d weaning weight were restricted to lambs 39 
to 81 and 69 to 111 days at age, respectively. Records for 
30-d, 60-d, and 90-d weaning weight were adjusted to a 
constant age using procedures described by Boggess et al. 
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(1990a). Weaning weight records were further adjusted for 
sex and age-of-dam, within breed type, using adjustment 
factors estimated by Boggess et al. (1990b). Few records for 
lambs triplet born and raised single or lambs triplet born 
from yearling ewes were present in the data, therefore, these 
subclasses were deleted. After editing, the data consisted 
of 8,615 records for NLB, 2,159 records for KLW at 30 days, 
6,788 records for KLW at 60 days, and 2,148 records for 
weaning at 90 days. 
Analysis of data 
A least squares procedure was used, to analyze NLB and 
KLW at 30-d, 60-d, and 90-d, in this study based on the 
following criteria: 
1) there were relatively few repeated records for ewes in 
the data and virtually no ewes with greater than two 
records, 
2) no selection or sequential culling occurred within the 
data based on statistical evaluation of genetic merit, 
3) estimation of breed specific adjustment factors was 
not feasible because of insufficient data, and 
4) genetic and environmental trends were assumed non­
existent in the data. 
If dam effects are assumed random, then deleting them from 
the model will not bias estimates of the fixed effects 
(Henderson, 1975). However, the fixed effect solutions are 
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no longer Best Linear Unbiased Estimators (BLUE) in that they 
are not minimum variance. 
The NLB and KLW were analyzed, by breed and breed type, 
using the least squares model: 
^ijkl = M + + Gj + Aj^ + (BA)i% + 
where y^j^^ was the 1th ewe record, n was the overall mean, 
B^ was the ith breed, Gj was the jth contemporary group, Aj^ 
was the kth age-of-ewe and e^j^^ was a random residual effect 
with mean zero and variance All main effects were 
assumed fixed. Contemporary group was defined for KLW as a 
common flock, year, season, and level of management. 
Contemporary group was defined for NLB as a common flock, 
year, and season. 
Residual variances for each age-of-ewe level were 
calculated for the combined data set, and each breed type, to 
determine the level of heterogeneity of variance among 
subclasses for NLB and KLW. The model used to estimate 
residual variances included all main effects except age-of-
ewe. Subclass variances were tested for heterogeneity with 
Bartlett's test (Snedecor and Cochran, 1980). 
Results 
Number-of-lambs-born 
The analyses of variance (ANOVA) of NLB, for each breed 
type, are presented in Table 1. All main effects were 
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Table 1. Analysis of variance of NLB for all data, large, and 
small breed type® 
Source 
All data Large 
df* MS" df MS 
Small 
df MS 
Breed (BD), 
Cont group 
Age-of-ewe (A) 
BD*A 
Error 
5 
300 
6 
30 
8273 
2.44 
. 6 2  
** 
** 
12.88 
.69 
. 2 8  
2 
160 
6 
12 
4712 
.93 
.57 
6.37 
.55' 
. 2 8  
** 
** 
2 
140 
6 
12 
3561 
4.80 
.69 
8.17" 
.34 
.27 
.** 
** 
** 
.14 .11 .18 
^Large breed type includes Columbia, Hampshire, and 
Suffolk and small breed type includes Dorset, Polypay, and 
Rambouillet. 
^Degrees of freedom. 
^Mean square. 
^Contemporary group includes common flock, year, and 
season. 
*P<.05. 
significant for both breed types and the combined data, 
however, breed differences within the large breed type were 
small and accounted for less than .2% of the total variation. 
The breed by age-of-ewe interaction was significant for the 
large breed type (P<.05), but, not for the small breed type. 
These results indicate that the difference between breeds, 
within the large breed type, was minimal, but, that the 
relationship between age-of-ewe subclasses varied 
significantly across breeds, within the large breed type. 
The main effect of breed in the small breed type was large 
relative to the large breed type, but, the breed by age-of-
dam interaction was not significant. The ANOVA for each 
breed type are presented in Table la, in Appendix C. Age-of-
ewe was significant for all breeds (P<.01). 
Least squares means (LSM) and standard deviations for 
each age-of-ewe subclass are presented in Table 2, for NLB. 
The LSM for each breed type were curvilinear with prolificacy 
increasing as ewes matured and decreasing as ewes aged. 
Prolificacy was maximum for three and four-year-old ewes in 
the large breed and for ewes five years of age in the small 
breed type. These results are similar to results reported by 
Dickerson and Glimp (1975). In their study prolificacy 
peaked in Suffolk ewes at three and four years of age and in 
Dorsets from six to nine years of age. The LSM for age-of-
ewe, by breed, are presented in Table 2a, in Appendix C. 
Table 2. Least squares means (LSM), standard errors (SE), standard deviations (SD), 
and degrees of freedom for NLB by age-of-ewe (AGE) and breed type^ 
All data Large Small 
AGE LSM SE^ SD° AS*^ df® LSM SE SD AS df LSM SE SD AS df 
1 1.258 .020 .45 .60 1012 1.251 .027 .45 .59 535 1.260 .029 .45 .64 477 
2 1.536 .016 .52 .57 1892 1.527 .021 .52 .56 1124 1.533 .024 .51 .60 768 
3 1.641 .017 .52 .53 1507 1.629 .022 .54 .54 904 1.646 .025 .50 .55 603 
4 1.679 .019 .55 .55 1058 1.626 .025 .55 .55 623 1.745 .028 .55 .57 436 
5 1.678 .021 .56 .56 692 1.580 .028 .55 .57 402 1.803 .031 .58 .58 290 
6 1.650 .025 .55 .55 407 1.577 .034 .57 .59 204 1.731 .036 .53 .55 203 
>7 1.673 .022 .54 .58 537 1.552 .032 .53 .56 254 1.597 .033 .54 .61 283 
^Large breed type includes Columbia, Hampshire, and Suffolk and small breed 
type includes Dorset, Polypay, and Rambouillet. 
^Standard error of least squares mean. 
'^Standard deviation of subclass variance. 
^Standard deviation of subclass variance after adjustment with multiplicative 
adjustment factors. 
^Degrees of freedom for estimates of variance. 
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Age-of-ewe subclass variances for NLB were heterogeneous 
for both breed types (P<.05), and proportional with increased 
prolificacy associated with increased variation. However, 
multiplicative adjustment factors adequately equalized both 
the subclass mean and variances within both breed types 
(Table 2). 
Multiplicative and additive age-of-ewe adjustment 
factors for NLB are presented in Table 3. These factors 
reflect the large differences in NLB found for yearling and 
two-year-old ewes compared to mature ewes. The adjustment 
factors for both breed types were equated to a mature 
equivalent base. The age-of-ewe category with the largest 
LSM was used as the base for both breed types. The base for 
the large breed type was the four-year-old age-of-ewe 
subclass, while the base* for the small breed type was the 
five-year-old age-of-ewe subclass. 
Kiloarams-of-lamb-weaned at 30 davs 
The ANOVA of KLW at 30 days, for each breed type, are 
presented in Table 4. Breed and contemporary group effects 
were significant for both breed types and the combined data 
(P<.01), while age-of-ewe was significant for the combined 
data and the small breed type (P<.01), and close to 
significant for the large breed type (P<.10). The breed by 
age-of-ewe interaction was not significant for either breed 
type. These results suggest that age-of-ewe adjustment 
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Table 3. Multiplicative and additive adjustment factors for 
NLB, by age-of-ewe, for each breed type 
Multiplicative Additive (kg) 
•of-ewe All L* S° All L S 
1 1.33 1.30 1.43 .421 .378 .544 
2 1.09 1.07 1.18 .143 .101 .270 
3 1.02 1.00 1.10 .038 . 000 . 157 
4 1.00 1.00 1.03 .000 .000 .058 
5 1.00 1.03 1.00 .000 .049 .000 
6 1.02 1.03 1.04 .029 .052 .072 
>7 1.07 1.05 1.13 .106 .077 .206 
^Large breed type includes Columbia, Hampshire, and 
Suffolk. 
^Small breed type includes Dorset, Polypay, and 
Rambouillet. 
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Table 4. Analysis of variance of KLW at 30 days for all data, 
large, and small breed type^ 
Source 
All data 
dr MS' 
Large 
df MS 
Small 
df MS 
Breed (BD) 5 517.40 
Cont group 109 221.71 
Age-of-ewe (A) 6 168.33 
BD*A 30 43.36 
Error 2008 37.41 
** 
** 
** 
2 
48 
6 
12 
797 
471.45 
191.84. 
114.02' 
33.92 
56.71 
** 
** 
2 
61 
6 
12 
1211 
453.50 
245.22 
106.87 
65.45 
36.95 
** 
** 
* *  
,33 .23 .34 
^Large breed type includes Columbia, Hampshire, and 
Suffolk and small breed type includes Dorset, Polypay, and 
Rambouillet. 
^Degrees of freedom. 
^Mean square. 
^Contemporary group includes common flock, year, season, 
and management. 
fp<.io. 
*P<.05. 
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factors are needed for KLW at 30 days, but, that differences 
in age-of-ewe effects are small across breeds, within each 
breed, relative to the total variation. The ANOVA for each 
breed are presented in Table 4a, in Appendix C. Age-of-ewe 
was significant for Suffolk, Polypay, and Rambouillet 
(P<.05), but, not significant for Columbia, Hampshire, and 
Dorset. 
The LSM and standard deviations for KLW at 30 days, by 
age-of-ewe, are presented in Table 5. The LSM for both breed 
types were curvilinear with maximum performance occurring at 
three to five years of age in the large breed type and five 
years of age in the small breed type. Subclass variances, 
for age-of-ewe were not heteogeneous (P>.50) for either breed 
type. However, subclass variances for the small breed type, 
tended to increase as KLW at 30 days increased, and the 
subclass variances for the large breed type were 
significantly larger than the variances for the small breed 
type. Consequently, the choice of additive or multiplicative 
adjustment factors is not clear. However, multiplicative 
adjustment factors did reduce the level of subclass 
heterogeneity in both breed types (P<.90), although 
multiplicative factors tended to over adjust the subclass 
variation for yearling ewes (Table 5). The LSM for KLW at 30 
days for each breed are presented by age-of-ewe in Table 5a, 
in Appendix C. 
Table 5. Least squares means (LSM), standard errors (SE), standard deviations (SD), 
and degrees of freedom for KLW at 30 days, by age-of-ewe and breed type^ 
All data Large Small 
AGE LSM SE^ SD^ Asd df® LSM SE SD AS df LSM SE SD AS df 
1 20.4 .5 6.1 7.6 284 21.8 .8 6.9 8.3 104 19.2 .6 5.6 7.1 180 
2 23.7 .4 6.4 6.8 454 24.9 .6 7.3 7.7 181 22.4 .5 5.8 6.3 273 
3 24.7 .4 6.8 6.9 329 26.0 .7 7.9 8.0 143 23.5 .5 5.6 5.8 181 
4 24.8 .4 6.5 6.6 257 26.2 .8 6.8 6.8 103 23.5 .5 6.3 6.5 154 
5 25.3 .5 6.5 6.5 167 26.0 .9 7.0 7.1 66 24.4 .6 6.2 6.2 101 
6 24.7 .6 7.0 7.1 75 24.8 1.3 8.9 9.3 16 24.0 .7 6.4 6.5 59 
>7 24.2 .6 6.6 6.9 114 25.2 1.1 8.9 9.3 35 23.2 .7 5.2 5.5 79 
^Large breed type includes Columbia, Hampshire, and Suffolk and small breed 
type includes Dorset, Polypay, and Rambouillet. 
'^Standard error of least squares mean. 
^Standard deviation of subclass variance. 
^Standard deviation of subclass variance after adjustment with multiplicative 
adjustment factors. 
^Degrees of freedom for estimates of subclass variance. 
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Multiplicative and additive adjustment factors for KLW 
at 3 0 days are presented in Table 6, for each breed type. 
The factors for each breed type were equated to a mature 
equivalent base. The base used for the large breed type was 
four years of age, while the base used for the small breed 
type was five years of age. The multiplicative and additive 
factors were similar in pattern for both breed types, with 
the largest adjustment occurring for one-year-old and two-
year-old ewes. 
Kiloqrams-of-lamb-weaned at 60 davs 
The ANOVA of KLW at 60 days are presented in Table 7, 
for each breed type. Breed, contemporary group and age-of-
ewe effects were significant for the combined data set and 
both breed types with the exception of breed in the large 
breed type. The breed by age-of-ewe interaction was 
significant for the small breed type only. Age-of-ewe was 
significant for each breed. These results suggest that age-
of-ewe effects exist for KLW at 60 days, and, that breed 
differences within the large breed type are small. The 
significance of the interaction between breed and age-of-ewe 
in the small breed type suggests that the relationship 
between age-of-ewe subclasses is not consistent across 
breeds. However, the amount of variation attributable to 
this interaction is less than .8% of the total variation. 
The ANOVA for KLW at 60 days by breed are presented in Table 
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Table 6. Multiplicative and additive adjustment factors for 
KLW at 30 days, by age-of-ewe and breed type 
Multiplicative Additive (kg) 
•of-ewe All L* S* All L s 
1 1.24 1.20 1.27 4.9 4.4 5.3 
2 1.07 1.05 1.09 1.6 1.3 2.0 
3 1.02 1.01 1.04 .6 .2 1.0 
4 1.02 1.00 1.04 .5 .0 1.0 
5 1.00 1.01 1.00 .0 .2 .0 
6 1.02 1.04 1.02 .6 1.0 .5 
>7 1.04 1.04 1.05 1.1 1.0 1.3 
^Large breed type includes Columbia, Hampshire, and 
Suffolk. 
^Small breed type includes Dorset, Polypay, and 
Rambouillet. 
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Table 7. Analysis of variance of KLW at 60 days for all data, 
large, and small breed type® 
Source 
All data Large 
dr MS' df MS 
Small 
df MS 
Breed (BD) 
Cont group 
Age-of-ewe (A) 
BD*A 
Error 
5 3558.20 
269 1279.52 
6 4013.87 
30 285.06' 
6477 175.39 
** 
** 
2 562.40^ 
145 1437.13 
6 2604.28 
12 218.32 
2737 279.55 
** 
** 
2 872.45 
124 1095.21 
6 1904.72 
12 327.08 
2740 135.36 
** 
** 
** 
** 
.31 .25 .30 
^Large breed type includes Columbia, Hampshire, and 
Suffolk and small breed type includes Dorset, Polypay, and 
Rambouillet. 
^Degrees of freedom. 
^Mean square. 
^Contemporary group includes common flock, year, season, 
and management. 
t p < . i o .  
*P<.05. 
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7a, in Appendix C. 
The LSM and standard deviations for KLW at 60 days, by 
age-of-ewe, are presented in Table 8. The LSM were 
curvilinear with maximum performance occurring for ewes three 
to five years of age in the large breed type, and ewes four 
and five years of age in the small breed type. The age-of-
ewe subclass variances were heteogeneous for the small breed 
type and the combined data set (P<.05), but, not for the 
large breed type (P>.10). However, the variances of subclass 
means which were significantly different within both breed 
types, were heteogeneous (P<.01) with larger means associated 
with increased variation. Additionally, the subclass 
variances for the large breed type were significantly larger 
than the variances for the small breed type. Multiplicative 
adjustment factors did reduce the level of subclass 
heterogeneity in both breed types (P<.90), although 
multiplicative factors tended to over adjust the subclass 
variation for yearling ewes and aged ewes in the large breed 
type (Table 8). LSM for each breed are presented by age-of-
ewe in Table 8a, in Appendix C. 
Additive and multiplicative adjustment factors for KLW 
at 60 days are presented in Table 9. The base used for the 
large breed type was three years of age, while the base used 
for the small breed type was the five years of age. However, 
there was no difference in the multiplicative factors for 
Table 8. Least squares means (LSM), standard errors (SE), standard deviations (SD), 
and degrees of freedom for KLW at 60 days by age-of-ewe and breed type^ 
All data Large Small 
AGE LSM SE^ SD^ AS^ df® LSM SE SD AS df LSM SE SD AS df 
1 35.5 .6 11.5 14.4 759 37.5 .8 12.7 15.9 450 33.9 .8 9.5 11.9 309 
2 41.8 .4 13.0 13.8 1434 44.9 .7 14.1 14.7 891 38.5 .6 11.0 11.4 543 
3 43.8 .5 13.3 13.4 1189 46.7 .7 14.6 14.6 715 40.6 .6 11.0 11.6 474 
4 44.1 .5 13.8 13.9 795 46.0 .8 14.8 14.8 473 42.3 .7 12.2 12.2 322 
5 44.4 .6 14.0 14.0 536 46.5 .9 15.2 15.2 306 42.4 .7 12.2 12.2 230 
6 43.5 .7 13.5 13.8 299 45.9 1.1 15.3 15.6 143 41.1 .8 11.7 12.1 156 
>7 42.8 .6 13.7 14.2 439 45.0 1.0 15.0 15.6 196 40.4 .7 12.6 13.2 243 
^Large breed type includes Columbia, Hampshire, and Suffolk and small breed 
type includes Dorset, Polypay, and Rambouillet. 
^Standard error of least squares mean. 
^Standard deviation of subclass variance. 
^Standard deviation of subclass variance after adjustment with multiplicative 
adjustment factors. 
^Degrees of freedom for estimates of subclass 
variance. 
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Table 9. Multiplicative and additive adjustment factors for 
KLW at 60 days, by age-of-ewe and breed type 
of-ewe 
Multiplicative Additive (kg) 
All L* Bb All L s 
1 1.25 1.25 1.25 8.9 9.2 8.6 
2 1.06 1.04 1.10 2.6 1.8 4.0 
3 1.01 1.00 1.05 .7 .0 1.9 
4 1.01 1.00 1.00 .4 .2 .2 
5 1.00 1.00 1.00 .0 .2 .0 
6 1.02 1.02 1.03 .9 .8 1.3 
>7 1.04 1.04 1.05 1.7 1.7 2.0 
^Large breed type includes Columbia, Hampshire, and 
Suffolk. 
^Small breed type includes Dorset, Polypay, and 
Rambouillet. 
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ewes three to five years of age in the large breed type. 
Both sets of factors are similar for yearling ewes, but 
differ significantly for two-year-old and three-year-old 
ewes. 
Kiloarams-of-lamb-weaned at 90 davs 
The ANOVA of KLW at 90 days are presented in Table 10, 
for each breed type. All main effects were significant, with 
the exception of breed in the small breed type. The breed by 
age-of-ewe interaction was significant for the large breed 
type only (P<.10). These results suggest that age-of-ewe 
differences exist for KLW at 90 days, but that differences 
between breeds, within breed type, were minimal. The ANOVA 
of KLW at 90 days for each breed are presented in Table lOa, 
in Appendix C. Age-of-ewe was significant for Columbia, 
Dorset, and Polypay; close to significant for Suffolk and 
Rambouillet and not significant for Hampshire. 
The LSM and subclass standard deviations for each age-
of-ewe subclass are presented in Table 11. The LSM were 
curvilinear in both breed types with maximum performance 
occurring for ewes four years of age in the large breed type 
and for ewes five and six years of age in the small breed 
type. The subclass variances were not significantly 
heteogeneous for either breed type (P>.10). However, larger 
means tended to be associated with larger variances in both 
breed types. The variances of subclass means which were 
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Table 10. Analysis of variance of KLW at 90 days for all 
data, large, and small breed type^ 
Source 
All data 
dfi MS^ 
Large 
df MS 
Small 
df MS 
Breed (BD) 
Cont group 
Age-of-ewe (A) 
BD*A 
Error 
5 8612.32 
101 1905.42 
6 2066.03 
30 479.55 
2005 363.15 
** 
** 
** 
2 3736.95 
56 2668.78 
6 1971.97. 
12 707.49' 
1140 441.73 
** 
** 
** 
2 367.15 
45 955.46 
6 964.48 
12 351.11 
865 259.60 
** 
** 
.32 . 2 6  .20 
^Large breed type includes Columbia, Hampshire, and 
Suffolk and small breed type includes Dorset, Polypay, and 
Rambouillet. 
^Degrees of freedom. 
°Mean square. 
^Contemporary group includes common flock, year, season, 
and management. 
t p < . i o .  
Table 11. Least squares means (LSM), standard errors (SE), standard deviations 
(SD), and degrees of freedom for KLW at 90 days by age-of-ewe and breed 
type 
All data Large Small 
AGE LSM SE^ SD*^ AS^ df® LSM SE SD AS df LSM SE SD AS df 
1 50.3 1. 5 15. 1 18.1 187 57. 1 2. 2 17. 0 20 .4 99 43. 5 1. 9 12.7 15. 9 88 
2 57.1 1. 0 18. 6 19.7 490 63. 2 1. 3 20. 8 22 .7 273 51. 1 1. 3 15.3 16. 2 217 
3 59.2 1. 1 19. 3 19.7 366 66. 2 1. 4 21. 4 22 .2 225 52. 1 1. 5 15.5 16. 1 141 
4 60.5 1. 3 19. 6 19.6 217 68. 7 1. 7 20. 3 20 .3 140 51. 3 1. 8 18.2 18. 9 77 
5 59.8 1. 4 21. 8 21.8 135 65. 5 2. 0 24. 6 24 .8 83 54. 4 1. 9 16.3 16. 3 52 
6 60.2 1. 7 19. 3 19.3 84 67. 9 2. 5 23. 4 23 .6 37 54. 3 2. 1 15.4 15. 4 47 
>7 57.3 1. 5 19. 3 20.4 136 64. 7 2. 3 22. 1 23 .4 60 49. 7 1. 9 16.8 18. 3 76 
^Large breed type includes Columbia, Hampshire, and Suffolk and small breed 
type includes Dorset, Polypay, and Rambouillet. 
^Standard error of least squares mean. 
^Standard deviation of subclass variance. 
^Standard deviation of subclass variance after adjustment with multiplicative 
adjustment factors. 
^Degrees of freedom for estimates of subclass variance. 
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significantly different within each breed type, were 
heteogeneous (P<.01) with larger means associated with 
increased variation. Additionally, the subclass variances 
for the large breed type were significantly larger than the 
variances for the small breed type. Multiplicative 
adjustment factors did reduce the level of subclass 
heterogeneity in both breed types (P<.90), although 
multiplicative factors tended to over adjust the subclass 
variation for yearling ewes and aged ewes in the large breed 
type (Table 11). The LSM for age-of-ewe are presented by 
breed, in Table 11a, in Appendix C. 
Additive and multiplicative adjustment factors for KLW 
at 90 days are presented in Table 12, for each breed type. 
The base used for the large breed type was four years of age, 
while the base used for the small breed type was the five 
years of age. The multiplicative factors were similar for 
both breed types, however, differences of 2.3 kg exist 
between breed types, in the additive adjustment factors. 
Discussion 
Age-of-ewe effects were significant for NLB and KLW at 
30, 60, and 90 days, within each breed type. Maximum 
performance for NLB and KLW occurred consistently for ewes 
three to five years of age in the large breed type, and ewes 
four to six years of age in the small breed type. Age-of-ewe 
was significant for each breed. Age-of-ewe effects, for KLW 
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Table 12. Multiplicative and additive adjustment factors for 
KLW at 90 days, by age-of-ewe, for each breed type 
Multiplicative Additive (kg) 
Age-of-ewe All L* gb All L S 
1 1.20 1.20 1.25 10.5 11.7 10.8 
2 1.06 1.09 1.06 3.7 5.6 3.3 
3 1.02 1.04 1.04 1.5 2.6 2.3 
4 1.00 1.00 1.04 .0 .0 2.3 
5 1.00 1.01 1.00 .0 .6 .0 
6 1.00 1.01 1.00 .0 .6 .0 
>7 1.06 1.06 1.09 3.5 4.0 4.6 
^Large breed type includes Columbia, Hampshire, and 
Suffolk. 
^Small breed type includes Dorset, Polypay, and 
Rambouillet. 
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at 30 and 90 days, were not significant for every breed, 
while age-of-ewe effects for KLW at 60 days were significant 
across breeds. However, the pattern in LSM, for KLW, was 
consistent with yearling, two-year-old, and aged ewes 
consistently producing lighter records. The lack of 
significance of age-of-ewe in certain breeds at 30-d, and 90-
d can be attributed to smaller amounts of data and the large 
amount of variation found in ewe productivity records. The 
high level of total variation probably contributed to the 
relatively low R values consistently found across analyses. 
The relatively large amount of variation found in KLW can be 
attributed to the impact of NLB on each KLW record. The 
variance attributable to KLW, when compared to individual 
weaning weight records, is increased by a factor 
approximately equal to the average litter size. 
The relationship between subclass means and variances 
tended to be proportional for NLB and KLW, particularly for 
yearling and two-year-old ewes when compared to mature ewes. 
However, the overall level of heterogeneity of age-of-ewe 
subclasses was not significant in most analyses for KLW. 
However, multiplicative adjustment factors effectively 
equalized the subclass means and removed much of the subclass 
variation for age-of-ewe for NLB and KLW at 30, 60, and 90 
days, within each breed type. 
Breed effects were significant for most analyses, but. 
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the amount of variation attributable to breed, within each 
breed type, was relatively small for all analyses. However, 
differences in level of performance among breeds, and 
relative performance between subclasses, within breeds, 
existed for NLB and KLW for some analyses. Specifically, NLB 
in the large breed type and KLW at 60-d in the small breed 
type. Consequently, specific adjustment factors should be 
estimated when sufficient data are available. Inclusion of 
random ewe or sire effects in analyses is recommended when 
data encompass several years of repeated records. Inclusion 
of random effects may also increase the level for specific 
analyses. 
Implications and Recommendations 
Records for NLB produced by ewes enrolled in the NSIP 
should be adjusted for age-of-ewe, within breed type, using 
multiplicative adjustment factors. Records for KLW at 30, 
60, and 90 days, produced by ewes enrolled in the NSIP should 
be adjusted in two steps. Initially, each lamb weaning 
weight record, within a parity, should be adjusted for sex 
and age-of-dam using factors recommended by Boggess et al. 
(1990b). The weaning weight record(s) should then be summed, 
to determine KLW for each ewe. Finally, each KLW record 
should be re-adjusted for age-of-ewe, to account for 
differences in NLB between ewes of varying ages, using 
factors reported in Tables 6, 9, and 12. 
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This study illustrates the need for adjustment factors 
for NLB and KLW. However, consideration should be given to 
re-defining KLW as a trait, due to the large amount of 
variation created by the various effects (traits) which 
influence KLW, particularly the effect of NLB. The effect of 
NLB serves to inflate the level of variation in KLW, which, 
in turn, reduces estimates of heritability for KLW and 
impedes genetic progress. An alternative to genetic 
evaluation of KLW is the genetic evaluation of direct growth 
and direct maternal genetic effects, as two distinct traits, 
for each ewe, using weaning weight records adjusted for sex, 
age-of-dam, and type-of-birth/rearing. The adjustment 
factors for sex, age-of-dam, and type-of-birth/rearing are 
available and are used in the genetic evaluation of weaning 
weight (growth) by the NSIP. Multiple births would then be 
treated as multiple records for each ewe, and NLB would be 
evaluated as a separate trait. This would enable producers 
to take advantage of higher levels of heritability and 
increase ewe productivity by increasing genetic progress for 
weaning weight through more accurate single trait selection 
for direct growth and direct maternal ewe effects. 
Additionally, selection for KLW could be accomplished using 
an index which combines the genetic evaluation of direct 
growth and direct maternal effects for weaning weight with 
the genetic evaluation of NLB. Genetic evaluation of NLB is 
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currently being conducted by NSIP. 
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SUMMARY 
Results of a study designed to evaluate the impact of 
missing birth weight on the standard age adjustment 
procedure, evaluate the effectiveness of the age adjustment 
procedure, and estimate adjustment factors for traits 
evaluated for genetic merit by the NSIP are presented. 
Methodology and results are presented in three sections. 
Supplementary tables, for each section, are included in the 
appendices. 
In the first section, the age adjustment procedure used 
by the NSIP was evaluated using birth weight constants for 
sex, type-of-birth, and breed type, and the effectiveness of 
the standard age adjustment procedure was evaluated. Results 
indicated that weaning records for lambs with an unknown 
birth weight should be assigned a birth weight, but, the 
choice of birth weight constants had little impact on the 
amount of bias incurred by the standard age adjustment. 
However, the standard age-adjustment procedure did not 
adequately remove the effect of age at weaning, within breed 
type, in some analyses. For adjustment to 30 days, the 
standard age adjustment removed the effect of age when the 
data are restricted to lambs 23 to 37 days of age, however, 
the effect of age is not removed from the small breed type 
for windows larger than ±7 days. The same result was found 
for the large breed type for weaning at 60 days. However, 
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the relationship between age-adjusted weight and age at 
weaning was consistently negative across all analyses, for 
both breed types. 
In the second section adjustment factors for birth 
weight and weaning at 30, 60, and 90 days were estimated for 
sex, type-of-birth and rearing (B/R), and age-of-dam. These 
effects were consistently significant for each breed type, 
across analyses. Subclass means and variances were 
proportional for sex and B/R with increased weight associated 
with increased variation. Consequently, multiplicative sex 
and B/R adjustment factors were recommended for birth weight, 
and each weaning weight, within breed type. Subclass 
variances for age-of-dam were not significantly heteogeneous, 
in any analysis. Therefore, additive age-of-dam adjustment 
factors were recommended for birth weight and each weaning 
weight, within breed type. 
In the third section, adjustment factors for number-of-
lambs-born (NLB) and kilograms-of-lamb-weaned (KLW) were 
estimated. Age-of-ewe effects were similar for NLB and KLW 
at 30, 60, and 90 days, and were consistently significant for 
breed types. The pattern in least squares means was 
consistent for both breed types, with yearling and two-year-
old ewes consistently producing lighter records. 
Multiplicative adjustment factors were recommended for NLB. 
The choice of additive versus multiplicative adjustment 
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factors for age-of-ewe is not clear for KLW. The 
relationship between subclass means and variances tended to 
be proportional, particularly for yearling and two-year-old 
ewes when compared to mature ewes. However, the overall 
level of heterogeneity of age-of-ewe subclasses was not 
significant in many analyses. However, multiplicative 
adjustment factors were recommended for KLW because they did 
adequately equalize the age-of-ewe subclass variances across 
analyses. Records for KLW at 30, 60, and 90 days, should be 
adjusted in two steps. Initially, each lamb record, within a 
parity, should be adjusted for sex and age-of-dam and the 
record(s) summed to determine KLW for each ewe. Then, each 
KLW record should be re-adjusted for age-of-ewe to account 
for differences in NLB between ewes of varying ages. 
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APPENDIX A. SUPPLEMENTARY TABLES FOR SECTION I 
Table la. Subclass frequencies for year of birth (YEAR), 
season, age-of-dam (AGE), type-of-birth (TOB), and 
sex for birth weight, by breed and breed type (BRT) 
Breed^ BRT 
Subclass CL DO HA PP RA SU L^ S° Total 
Year: 1984 , 125 264 264 125 389 
1985 • 37 • 49 111 255 255 197 452 
1986 » 219 93 83 243 369 462 545 1007 
1987 51 748 643 464 135 667 1361 1347 2708 
1988 406 1017 823 1050 537 2084 3313 2604 5917 
1989 414 317 440 510 188 1159 2013 1015 3028 
Season: F 13 956 119 360 210 70 202 1526 1728 
S 858 1382 1880 1796 1129 4728 7466 4307 11773 
AGE: 1 86 228 130 481 33 602 818 742 1560 
2 249 504 546 554 304 1135 1980 1362 3342 
3 217 482 436 370 304 1082 1735 1156 2891 
4 142 395 313 267 244 791 1246 906 2152 
5 74 286 254 208 170 509 837 664 1501 
6 45 222 144 149 101 309 498 472 970 
>7 58 221 176 127 183 320 554 531 1085 
TOB: S 239 710 490 384 329 982 1711 1423 3134 
TW 566 1488 1381 1399 872 3153 5100 3759 8859 
TR 66 140 128 373 138 663 857 651 1508 
Sex: E 433 1130 980 1075 676 2392 3805 2881 6686 
R 438 1208 1019 1081 663 2406 3863 2952 6815 
TOTAL 871 2338 1999 2156 1339 4798 7668 5833 13501 
^Breeds include Columbia (CL), Dorset (DO), Hampshire 
(HA), Polypay (PP), Rambouillet (RA), Suffolk (SU). 
^Large breed type includes CL, HA, and SU. 
°Small breed type includes DO, PP, and RA. 
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Table lb. Subclass frequencies for year of birth (YEAR), 
season, age-of-dam (AGE), type-of-birth (TOB), type 
of rearing (TOR), and sex for 30-d weaning weight, 
by breed and breed type (BRT) 
Breed® BRT 
Subclass CL DO HA PP RA SU Lb S° Total 
Year; 1984 . . 53 162 162 53 215 
1985 • . • 52 199 199 52 251 
1986 • 54 • 27 52 113 113 133 246 
1987 13 113 35 341 . 39 87 454 541 
1988 82 226 90 595 226 269 441 1047 1488 
1989 114 159 146 305 
• 
256 516 464 980 
Season: F 135 279 11 . 425 425 
S 209 417 271 989 372 1038 1518 1778 3296 
AGE: 1 27 63 9 251 1 163 199 315 514 
2 70 120 78 341 94 229 377 555 932 
3 52 103 55 189 104 238 345 396 741 
4 32 102 47 163 78 172 251 343 594 
5 6 69 35 145 46 124 165 260 425 
6 7 42 19 106 18 44 70 166 236 
>7 15 53 28 73 42 68 111 168 279 
TOB: S 51 147 64 232 104 214 329 483 812 
TW 149 374 197 849 239 685 1031 1462 2493 
TR 9 31 10 187 40 139 158 258 416 
TOR: S 65 178 81 275 135 260 406 588 994 
TW 141 359 187 871 218 708 1036 1448 2484 
TR 3 15 3 122 30 70 76 167 243 
Sex: E 105 178 120 637 187 533 758 1092 1850 
R 79 359 123 540 186 325 527 938 1465 
W 25 15 28 91 10 180 233 173 406 
TOTAL 209 552 271 1268 383 1038 1518 2203 3721 
^Breeds include Columbia (CL), Dorset (DO), Hampshire 
(HA), Polypay (PP), Rambouillet (RA), Suffolk (SU). 
^Large breed type includes CL, HA, and SU. 
°Sma],l breed type includes DO, PP, and RA. 
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Table le. Subclass frequencies for year of birth (YEAR), 
season, age-of-dam (AGE), type-of-birth (TOB), 
type-of-rearing (TOR), and sex for 60-d weaning 
weight, by breed and breed type 
Breed^ BRT 
Subclass CL DO HA PP RA SU Lb S= Total 
Year; 1984 . 113 123 123 113 236 
1985 • 41 92 245 245 133 378 
1986 103 56 70 242 274 330 415 745 
1987 44 551 338 148 154 542 924 853 1777 
1988 199 901 865 693 575 1670 2734 2169 4903 
1989 280 325 466 521 138 1219 1965 984 2949 
Season: F . 640 62 185 182 33 95 1007 1102 
S 523 1240 1663 1288 1132 4040 6226 3660 9886 
AGE; 1 63 187 134 333 35 530 727 555 1282 
2 164 392 434 324 279 1048 1646 995 2641 
3 136 400 361 254 285 925 1422 939 2361 
4 62 310 251 183 226 673 986 719 1705 
5 34 229 239 146 181 421 694 556 1250 
6 28 172 144 116 106 213 385 394 779 
>7 36 190 162 117 202 263 461 509 970 
TOB; S 133 568 446 259 341 850 1429 1168 2597 
TW 344 1207 1149 935 840 2656 4149 2982 7131 
TR 46 105 130 279 133 567 743 517 1260 
TOR; S 162 669 587 318 447 1105 1854 1434 3288 
TW 347 1154 1090 960 778 2664 4101 2892 6993 
TR 14 57 48 195 89 304 366 341 707 
Sex; E 244 888 825 713 684 2039 3108 2285 5393 
R 230 789 734 545 603 1492 2456 1937 4393 
W 49 203 166 215 27 542 757 445 1202 
Total 523 1880 1725 1473 1314 4073 6321 4667 10988 
^Breeds include Columbia (CL), Dorset (DO), Hampshire 
(HA), Polypay (PP), Rambouillet (RA), Suffolk (SU). 
^Large breed type includes CL, HA, and SU. 
'^Small breed type includes DO, PP, and RA. 
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Table Id. Subclass frequencies for year of birth (YEAR), 
season, age-of-dam (AGE), type-of-birth (TOB), 
type-of-rearing (TOR), and sex for 90-d weaning 
weight, by breed and breed type 
Breed^ BRT 
Subclass CL DO HA PP RA SU Lb S° Total 
Year: 1984 . . . . . 21 21 21 
1985 . 35 . • . . • 35 35 
1986 . 123 33 • . 77 110 123 233 
1987 . 255 197 • 29 269 466 284 750 
1988 208 352 321 202 92 291 820 646 1466 
1989 72 23 140 137 162 246 458 322 780 
Season: F 378 54 . 65 11 65 443 508 
S 280 410 637 339 218 893 1810 967 2777 
AGE: 1 13 72 46 51 18 113 172 141 313 
2 54 205 194 86 98 242 490 389 879 
3 75 181 143 39 64 224 442 284 726 
4 70 101 103 28 41 133 306 170 476 
5 31 80 74 36 21 88 193 137 330 
6 15 74 54 35 21 56 125 130 255 
>7 22 75 77 64 20 48 147 159 306 
TOB: S 68 249 161 42 98 205 434 483 823 
TW 182 497 491 229 173 567 1240 906 2146 
TR 30 42 39 61 12 132 201 115 316 
TOR: S 68 249 218 59 128 264 564 483 1047 
TW 182 477 459 229 153 580 1223 859 2082 
TR 30 15 14 51 2 60 88 68 156 
Sex: E 148 368 353 185 146 474 975 699 1674 
R 120 350 266 119 120 348 734 589 1323 
W 14 70 72 35 17 82 166 122 288 
Total 280 788 691 339 283 904 1875 1410 3285 
^Breeds include Columbia (CL), Dorset (DO), Hampshire 
(HA), Polypay (PP), Rambouillet (RA), Suffolk (SU). 
^Large breed type includes CL, HA, and SU. 
^Small breed type includes DO, PP, and RA. 
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Table 2a. Distribution of percent birth weights recorded, 
within contemporary group®, by percentile and 
breed, for flocks recording weight at 30 days 
Breed^ 
Percentile CL DO HA PP RA SU 
0-10 1 2 
11-20 1 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 
81-90 1 
91-100 11 32 12 25 6 26 
Total^ 11 33 12 26 6 29 
Average number 19.0 16.8 22.6 48.9 64.2 36.2 
^Contemporary group is defined as a common flock, year, 
and season. 
^Breeds include Columbia (CL), Dorset (DO), Hampshire 
(HA), Polypay (PP), Rambouillet (RA), Suffolk (SU). 
°Total number of contemporary groups. 
^Average number of lambs within each contemporary group. 
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Table 2b. Distribution of percent birth weights recorded, 
within contemporary groupé, by percentile and 
breed, for flocks recording weight at 90 days 
Breed^ 
Percentile CL DO HA PP RA SU 
0-10 4 7 3 8 4 
11-20 1 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 
81-90 1 
91-100 8 26 17 3 3 22 
Total® 8 31 24 6 11 27 
Average Number 35.6 25.5 29.0 57.5 25.9 33, 
^Contemporary group is defined as a common flock, year, 
and season. 
^Breeds include Columbia (CL), Dorset (DO), Hampshire 
(HA), Polypay (PP) , Rambouillet (RA), Suffolk (SU). 
°Total number of contemporary groups. 
^Average number of lambs within each contemporary group. 
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Table 6a. Linear (L) and quadratic (Q) regressions for 
actual and adjusted 30-d weight, on age at weaning, 
by breed type (BRT) and breed, for age range ±10^ 
days 
SE SE 
All data 
BRT^: 
Breed: 
Large 
Small 
CL 
HA 
SU 
DO 
PP 
RA 
241 ** 
,305 
,219 
282 
,394 
291 
337 
205 
337 
**  
**  
** 
** 
** 
** 
** 
** 
.013 
.027 
.015 
.074 
.057 
.036 
.050 
.017 
.080 
.0046 
—.0066 
.0027 
.0075 
-.0313, 
.0143 
-.0051 
.0021 
.0127 
.0027 
.0056 
.0030 
.0160 
.0135 
.0071 
.0091 
.0035 
.0182 
.58 
.51 
.55 
.49 
.64 
.51 
.64 
.51 
.53 
SE SE 
All data 
BRT^: Large 
Small 
-.048 
- . 0 2 2  
—. 054 
** 
** 
.013 
.027 
.015 
-.0069 
-.0074 
-.0059 
.0027 
.0056 
.0030 
.55 
.48 
.49 
Breed; CL 
HA 
SU 
DO 
PP 
RA 
-. 054 
-.112 
-.047 
.075 
-.075 
.102 
** 
.076 
.057 
.036 
.048 
.017 
.083 
.0185 
.0343 
.0131 
.0124 
.0075 
.0084 
.0166 
.0133 
.0071 
.0088 
.0035 
.0187 
.48 
.60 
.48 
.63 
.45 
.47 
^Linear regression of actual weight (L^) and age-adjusted 
weight (Lg) on age at weaning. 
^Quadratic regression of actual weight (Q^) and age-
adjusted weight (Qg) on age at weaning. 
^Weight recorded between 20 and 40 days of age. 
^Large breed type (L) includes Columbia (CL), Hampshire 
(HA), and Suffolk (SU) and small breed type (S) includes 
Dorset (DO), Polypay (PP), and Rambouillet (RA). 
*P<.05. 
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Table 6b. Linear^ (L) and quadratic (Q) regressions for 
actual and adjusted 30-d weight, on age at weaning, 
by breed type 
days 
(BRT) and breed, for age range ±14 
SE SE 
All data 
BRT^: 
.229 ** 
Breed: 
Large 
Small 
CL 
HA 
SU 
DO 
PP 
RA 
.277 
. 2 0 8  
.266 
.357 
265 
306 
203 
359 
** 
** 
** 
** 
** 
** 
** 
** 
.012 
.022 
.014 
.073 
.051 
.027 
.044 
.016 
.076 
.0048 
.0073' 
.0023 
.0044 
.0058 
.0079 
.0093 
.0020 
.0318 
** 
** 
.0017 
.0030 
.0021 
.0130 
.0076 
.0035 
.0052 
.0025 
.0111 
.58 
.53 
.54 
.48 
.64 
.53 
.62 
.50 
,53 
All data 
BRT"- Large 
Small 
-.071 ** 
—. 060 
-.073 
** 
** 
SE 
.012 
.022 
.014 
0083 
SE 
,0093 
,0069 
** 
** 
.0017 
.0030 
. 0020  
.55 
.48 
.49 
Breed: CL 
HA 
SU 
DO 
PP 
RA 
.075 
.046 
.079 
.050 
.084 
.168 
** 
** 
.076 
.051 
.027 
.042 
.016 
.079 
,0017 
,0077 
,0096 
,0091 
,0075 
0459 
** 
** 
.0135 
.0076 
.0035 
.0050 
.0025 
.0115 
.47 
.58 
.48 
. 6 2  
.45 
.49 
^Linear regression of actual weight (L^) and age-adjusted 
weight (Lg) on age at weaning. 
'^Quadratic regression of actual weight (Q^) and age-
adjusted weight (Qg) on age at weaning. 
^Weight recorded between 16 and 44 days of age. 
^Large breed type (L) includes Columbia (CL), Hampshire 
(HA), and Suffolk (SU) and small breed type (S) includes 
Dorset (DO), Polypay (PP), and Rambouillet (RA). 
*P<.05. 
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Table 7a. Linear® (L) and quadratic^ (Q) regressions for 
actual and adjusted 60-d weight, on age at weaning, 
by breed type (BRT) and breed, for age range ±7° 
days 
SE Qi SE R^ 
All data .321** .019 .0025 .0054 .57 
BRT^: Large .34o;; .029 .0057 .0082 .49 
Small .306** .024 .0047 .0066 .60 
Breed: CL .130 -.0089 .0403 .55 
HA .330*, .060 -.0002 .0169 .54 
SU .358** .035 .0038 .0098 .49 
DO .386** .045 .0063 .0118 .55 
PP .258** .042 .0053 .0125 .64 
RA .298* .048 -.0104 .0121 .64 
^2 SE 02 SE R^ 
All data -.008 .019 -.0012 .0054 .56 
BRT^; Large -.011 .029 .0062 .0082 .47 
Small -.003 .024 -.0009 .0066 .57 
Breed: CL .092 .129 -.0111 .0400 .55 
HA -.015 .060 .0011 .0170 .51 
SU -.003 .035 .0044 .0098 .48 
DO .053 .044 .0073 .0117 .54 
PP -.027 .042 .0049 .0126 .63 
RA -.001 .048 -.0159 .0123 .61 
^Linear regression of actual weight (L^) and age-adjusted 
weight (Lg) on age at weaning. 
^Quadratic regression of actual weight (Q^) and age-
adjusted weight (Qg) on age at weaning. 
^Weight recorded between 53 and 67 days of age. 
^Large breed type (L) includes Columbia (CL), Hampshire 
(HA), and Suffolk (SU) and small breed type (S) includes 
Dorset (DO), Polypay (PP), and Rambouillet (RA) . 
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Table 7b. Linear^ (L) and quadratic^ (Q) regressions for 
actual and adjusted 60-d weight, on age at weaning, 
by breed type (BRT) and breed, for age range ±14° 
days 
All data 
BRT^: 
Breed: 
Large 
Small 
CL 
HA 
SU 
DO 
PP 
RA 
All data 
BRT^: 
Breed: 
Large 
Small 
CL 
HA 
SU 
DO 
PP 
RA 
.296 
.296 
.299 
.426 
.298 
.288 
.368 
.236 
.318 
** 
** 
** 
** 
** 
** 
** 
** 
-.030 
-.052 
-.001 
.099 
-.041 
—. 066 
.049 
-.039 
.010 
** 
** 
** 
** 
SE Qi SE R^ 
.009 -.0012 .0011 .59 
.013 -.0015 .0017 .51 
.012 -.0011 .0015 . 60 
.052 .0182** .0067 .57 
.026 -.0013. .0031 .57 
.017 -.0051 .0021 .49 
.021 -.0055 .0025 .55 
.019 .0013 .0024 .62 
.025 -.0024 .0031 .61 
SE 02 SE R2 
.009 -.0007 .0011 .54 
.013 .0008 .0017 .47 
.012 -.0005 .0015 .54 
.050 -.0144* .0064 .47 
.026 .0020 .0031 .52 
.017 -.0038 .0021 .46 
.020 -.0043 .0025 .53 
.020 .0024 .0025 .57 
.025 -.0022 .0032 .54 
^Linear regression of actual weight (L^) and age-adjusted 
weight (Lg) on age at weaning. 
'^Quadratic regression of actual weight (Q^) and age-
adjusted weight (Qg) on age at weaning. 
^Weight recorded between 46 and 74 days of age. 
^Large breed type (L) includes Columbia (CL), Hampshire 
(HA), and Suffolk (SU) and small breed type (S) includes 
Dorset (DO), Polypay (PP), and Rambouillet (RA). 
*P<.05. 
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Table 8a. Linear^ (L) and quadratic^ (Q) regressions for 
actual and adjusted 60-d weight, on age at weaning. 
by breed type 
days 
(BRT) and breed, for age range ±28 
SE SE R" 
All data 
BRT^: 
Breed: 
Large 
Small 
CL 
HA 
SU 
DO 
PP 
RA 
.278 ** 
. 2 7 6  
. 2 8 0  
.398 
.307 
.258 
.345 
.237 
.291 
** 
** 
** 
** 
** 
** 
** 
** 
.006  
.009 
.008 
.032 
.017 
.011 
.014 
.013 
.018 
-.0007 
-.0003 
-.0012' 
.0013 
.0013 
-.0009 
-.0037 
—.0005 
-.0015 
** 
.0004 
.0006 
.0005 
.0021 
.0011 
.0007 
.0009 
.0008 
.0012 
. 6 2  
.54 
.64 
. 63 
.61 
.51 
.60 
.  66 
.63 
All data 
BRT^: Large 
Small 
-.040 
—. 064 
-.010 
** 
** 
SE 
. 006  
.008  
.008  
-.0000 
.0009* 
-.0010 
SE 
0004 
0006 
0005 
.54 
.46 
.52 
Breed; CL 
HA 
SU 
DO 
PP 
RA 
.074 
-.044 
-.081 
.031' 
-.032 
—. 008 
** 
** 
.031 
.017 
.011 
.013 
.014 
.019 
.0008 
.0014 
.0009 
. 0026  
.0004 
.0010 
.0020 
,0011 
,0007 
.0008 
,0009 
0012 
.44 
.52 
.46 
.55 
.53 
.51 
^Linear regression of actual weight (L^) and age-adjusted 
weight (Lg) on age at weaning. 
^Quadratic regression of actual weight (Q^) and age-
adjusted weight (Qg) on age at weaning. 
^Weight recorded between 32 and 88 days of age. 
^Large breed type (L) includes Columbia (CL), Hampshire 
(HA), and Suffolk (SU) and small breed type (S) includes 
Dorset (DO), Polypay (PP), and Rambouillet (RA). 
*P<.05. 
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Table 9a. Linear® (L) and quadratic (Q) regressions for 
actual and adjusted 90-d weight, on age at weaning, 
by breed type (BRT) and breed, for age range ±7° 
days 
All data 
BRT^: 
Breed: 
Large 
Small 
CL 
HA 
SU 
DO 
PP 
RA 
All data 
BRT^; 
Breed: 
Large 
Small 
CL 
HA 
SU 
DO 
PP 
RA 
336 .** 
.279 
.406 
.658 
.054 
.252 
.361 
.100 
.905" 
.** 
** 
.** 
** 
** 
** 
** 
-.004 
—. 064 
-.010 
.258 
-.418 
-.097 
.044, 
-.119 
.574 
** 
, ** 
** 
** 
SE Qi SE R^ 
.052 .0146 .0144 .62 
.075 -.0019 .0206 .56 
.072 .0438 .0201 . 61 
.144 .1271:* .0469 .77 
.137 -.0947 .0404 .51 
.121 -.0057 .0315 .60 
.086 .0613 .0238 .58 
.220 -.1294 .1020 .81 
.201 .0720 .0502 .75 
SE 02 SE R2 
.053 .0127 .0145 .62 
.075 -.0025. .0206 .55 
.072 .0411 .0201 .60 
.144 .1265^* .0469 .75 
.138 -.0941 .0407 .51 
.121 —.0066 .0316 .60 
.086 .0579 .0238 .58 
.224 -.1311 .1040 .80 
.202 . 0666 .0506 .72 
^Linear regression of actual weight (L^) and age-adjusted 
weight (Lg) on age at weaning. 
^Quadratic regression of actual weight (Q^) and age-
adjusted weight (Qg) on age at weaning. 
^Weight recorded between 83 and 97 days of age. 
^Large breed type (L) includes Columbia (CL), Hampshire 
(HA), and Suffolk (SU) and small breed type (S) includes 
Dorset (DO), Polypay (PP), and Rambouillet (RA). 
*P<.05. 
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Table 9b. Linear^ (L) and quadratic^ (Q) regressions for 
actual and adjusted 90-d weight, on age at weaning, 
by breed type (BRT) and breed, for age range ±14° 
days 
Ll SE Qi SE R^ 
All data .343** .023 -.0023 .0027 .68 
BRT^: Large .349:: .031 -.0013 .0040 .62 
Small .307 .034 -.0040 .0039 .64 
Breed: CL •405** .089 -.0073 .0119 .75 
HA .382,, .055 -.0008 .0068 .60 
SU .280** .050 .0042 .0063 .65 
DO .369** .049 .0078 .0055 .59 
PP .196;; .072 -.0324 .0078 .63 
RA .275** .065 -.0000 .0077 .72 
^2 SE 02 SE R^ 
All data .005 .023 -.0037 .0028 .64 
BRT^: Large -.022 .032 -.0019 .0040 .59 
Small .015 .034 -.0050 .0039 .61 
Breed: CL .053 .091 -.0046 .0122 .73 
HA .005 .056 -.0030 .0068 .54 
SU -.096 .050 .0042 .0063 .62 
DO .046 .049 .0066 .0055 .57 
PP -.010 .076 -.0342 .0082 .60 
RA -.039 . 066 -.0019 .0078 .69 
^Linear regression of actual weight (L^) and age-adjusted 
weight (Lg) on age at weaning. 
^Quadratic regression of actual weight (Q^) and age-
adjusted weight (Qg) on age at weaning. 
^Weight recorded between 76 and 104 days of age. 
^Large breed type (L) includes Columbia (CL), Hampshire 
(HA), and Suffolk (SU) and small breed type (S) includes 
Dorset (DO), Polypay (PP), and Rambouillet (RA). 
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Table 10a. Linear^ (L) and quadratic (Q) regressions for 
actual and adjusted 90-d weight, on age at 
weaning, by breed type (BRT) and breed, for age 
range ±28° days 
SE SE R' 
All data 
BRT^: 
Breed; 
Large 
Small 
CL 
HA 
SU 
DO 
PP 
RA 
,336 ** 
.373 
.271 
.394 
.386 
.362 
.273 
.186 
.268 
** 
** 
** 
** 
** 
** 
** 
** 
.013 
.017 
. 0 2 0  
.047 
.032 
.025 
.031 
.043 
.035 
-.0007 
-.0014 
-.0010 
.0015 
-.0003 
-.0032 
-.0012 
- . 0 0 2 8  
-.0016 
.0008 
.0011 
.0011 
.0028 
.0019 
.0017 
.0018 
. 0020  
.0024 
.71 
.64 
.68 
.75 
.61 
.  66 
. 6 2  
.59 
.68 
SE SE 
All data 
BRT^: Large 
Small 
— .  0 0 6  
-.001 
-.021 
,013 
,018 
,020 
- . 0008  
-.0005 
-.0015 
,0008 
,0011 
0011 
65 
,58 
60 
Breed: CL 
HA 
SU 
DO 
PP 
RA 
.007 
.022 
.016 
.033 
.026 
.051 
.049 
.035 
. 026  
.031 
.048 
.037 
,0016 
,0004 
,0013 
, 0006 
,0024 
,0024 
.0029 
. 0020  
.0018 
.0018 
. 0022  
.0026  
.70 
.53 
.61 
.55 
.54 
.59 
^Linear regression of actual weight (L^) and age-adjusted 
weight (Lg) on age at weaning. 
^Quadratic regression of actual weight (Q^) and age-
adjusted weight (Qg) on age at weaning. 
^Weight recorded between 62 and 118 days of age. 
^Large breed type (L) includes Columbia (CL), Hampshire 
(HA), and Suffolk (SU) and small breed type (S) includes 
Dorset (DO), Polypay (PP), and Rambouillet (RA). 
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APPENDIX B. SUPPLEMENTARY TABLES FOR SECTION II 
Table la. Analyses of variance of birth weight, by breed 
Source 
Columbia 
df MS* 
Hampshire 
df MS 
Suffolk 
df MS 
Cont Group 
Sex (S) 
Type-Birth (T) 
Age of Dam (A) 
S*T 
S*A 
T*A 
Error 
28 7.14 
1 6.80 
2 48.55 
6 1.55' 
2 .82 
6 .15 
11 .80 
814 .62 
. ** 
** 
59 
1 
** 
** 
** 
** 
90 12.20 
1 61.71 
2 394.90 
9.42 
24.13 
2 136.18 
6 9.13"" 6 48.03 
2 .25 2 .05 
6 .77 6 .73 
11 .97 11 2.11 
1911 .77 4679 .77 
** 
** 
** 
** 
** 
R' .42 .42 .41 
Source 
Dorset 
dr MS* 
Polypay 
df MS 
Rambouillet 
df MS 
Cont Group 
Sex (S) 
Type-Birth (T) 
Age of Dam (A) 
S*T 
S*A 
T*A 
Error 
103 6.06 
1 16.82 
2 161.25 
6 7.10 
2 .35 
6 .40. 
11 .91' 
2206 .56 
.** 
** 
** 
** 
54 5.55 
1 22.68 
2 74.15 
6 10.30 
2 .65 
6 .32 
11 .95 
2073 .51 
** 
** 
** 
** 
24 30.30 
1 10.59 
2 62.90 
6 2.48 
2 .71 
6 .35 
11 .59 
1286 .41 
** 
** 
** 
** 
.47 ,39 .65 
^Degrees of freedom. 
^Mean square, 
^Contemporary group includes common flock, year, season, 
and management. 
tp<.io. 
*P<.05. 
Table 2a. Birth weight least squares means (kg) ± standard errors by breed for sex, 
type-of-birth (TOB), and age-of-dam (AGE) 
Breed 
Columbia Hampshire Suffolk Dorset Polypay Rambouillet 
Sex: E 5.28±.07 5.05+.04 5.26±.03 4.261.04 4.271.04 4.401.04 
R 5.51±.07 5.39±.04 5.581.03 4.581.04 4.511.04 4.621.04 
TOB: S 6.20±.07 6.121.05 6.321.04 5.191.04 5.151.05 5.231.05 
TW 5.28±.06 5.13±.04 5.351.03 4.351.03 4.321.04 4.471.04 
TR 4.71±.12 4.42±.08 4.591.05 3.721.07 3.691.05 3.821.07 
AGE: 1 5.15±.12 4.64±.09 4.701.04 4.021.06 3.861.05 4.001.12 
2 5.21±.08 5.00±.05 5.241.04 4.021.06 4.361.05 4.361.05 
3 5.51±.08 5.21±.05 5.521.04 4.021.06 4.551.05 4.571.05 
4 5.61±.09 5.43±.06 5.701.05 4.021.06 4.571.06 4.641.05 
5 5.56±.ll 5.59±.06 5.681.05 4.021.06 4.661.06 4.731.06 
6 5.44±.13 5.36±.08 5.571.07 4.021.06 4.301.07 4.671.07 
>7 5.32±.12 5.31±.08 5.521.06 4.021.06 4.421.07 4.581.06 
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Table 4a. Analyses of variance of 30-d weight, by breed 
Columbia Hampshire Suffolk 
Source df^ MS^ 
Cont Groupé 10 13, .33; 
Sex (S) 2 27, .05 
Birth/rear (B/R) 4 19, .60 
Age of Dam (A) 6 5, .38, 
S*B/R 7 9. ,26 
S*A 10 4. 03 
B/R*A 11 7. 51 
Error 142 5. 80 
R2 
.47 
df MS df MS 
* 11 38.26** 27 64.47** 
** 2 1.45,* 2 54.00 
4 41.13 4 208.53 
. 6 2.85 6 26.93 
I 6 6.12. 8 2.29 
11 7.I2T 12 5.27 
13 11.03 21 5.61 
199 4.25 833 5.57 
.57 .47 
Source 
Dorset 
df MS* 
Polypay 
df MS 
Rambouillet 
df MS 
Cont Group 31 24.15 
Sex (S) 2 18.50 
Birth/rear (B/R) 4 82.80, 
Age of Dam (A) 6 9.78' 
S*B/R 8 8.38 
S*A 12 2.74 
B/R*A 18 10.69" 
Error 419 3.55 
** 
** 
** 
** 
25 55.00 
2 60.61 
4 174.38 
8 
12 
22 
1103 
24.15 
7.93 
9.63 
8.03 
3.90 
** 
** 
** 
** 
** 
** 
5 135.60. 
2 9.75T 
4 21.10 
6 5.77 
7 2.46 
8 1.48 
15 2.43 
332 4.10 
** 
** 
.63 .46 .48 
^Degrees of freedom. 
^Mean square. 
'^Contemporary group includes common flock, year, season, 
and management. 
tp<.10. 
*P<.05. 
Table 5a. Least squares means (kg) ± standard errors for 30-d weight by sex, type-
of-birth/rearing (B/R), and age-of-dam (AGE) for each breed 
Breed 
Columbia Hampshire Suffolk Dorset Polypay Rambouillet 
Sex: E 15. 22± .5 12 .81 + .4 14. 23±. 19 12. 02±. 24 12 .47±. 17 12. 15± .5 
R 16. 28± .5 13 .82± .5 15. 35±. 21 13. 01±. 25 13 .48±. 17 13. 15± .5 
W 15. 48± .7 13 .24± .7 14. 66±. 25 12. 53±. 39 13 .39±. 28 10. 92± .8 
B/R; s/s 17. 66± .5 16 .33± .4 17. 83±. 21 15. 52+. 24 15 .89±. 19 14. 69± .6 
TW/S 16. 32± .8 13 .72± .6 15. 08±. 38 12. 80±. 40 13 .47+. 35 13. 13± .6 
TW/TW 14. 52± .3 12 .83± .3 14. 74±. 17 12. 23±. 18 12 .80±. 15 11. 60± .5 
TR/TW 14. 15±1 .1 11 .48± .9 13. 75±. 34 11. 75±. 56 12 .36±. 30 10. 90± .8 
TR/TR NA 12 .10±1 .4 12. 32±. 36 10. 29±. 73 11 .04±. 24 10. 04± .6 
AGE: 1 14. 84+ .7 12 .86+1 .1 13. 46±. 29 11. 42±. 37 11 .60±. 23 11. 74±2 .1 
2 15. 77± .5 12 .71 + .5 14. 54±. 23 12. 67±. 31 13 .17±. 21 10. 87± .5 
3 16. 44± .5 13 .56+ .6 15. 25±. 23 13. 25±. 31 13 .58±. 21 12. 08± .5 
4 16. 82+ .6 14 .07± .6 15. 65+. 25 12. 79±. 30 13 .35±. 23 12. 17± .5 
5 16. 48±1 .1 14 .19± .6 15. 53±. 28 12. 79±. 34 13 .65±. 23 13. 11± .5 
6 14. 93±1 .1 12 .96± .7 14. 42±. 42 12. 62±. 37 13 .59±. 26 12. 40± .7 
>7 14. 37± .9 12 .69± .6 14. 35±. 38 12. 10±. 36 12 .85±. 29 12. 13± .5 
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Table 7a. Analyses of variance of 60-d weight, by breed 
Columbia Hampshire Suffolk 
Source df= MS* df MS df MS 
Cont Group 18 
Sex (S) 2 
Birth/rear (B/R) 4 
Age of Dam (A) 6 
S*B/R 7 
S*A 11 
B/R*A 17 
Error 457 
R^ .45 
87.87 
129.89 
264.58 
32.90 
14.36 
24.00 
28.28' 
** 
** 
** 
t 
46 
2 
4 
6 
8 
12 
21 
442.54 
448.60 
1233.83 
219.57 
29.16 
24.88. 
27.55' 
** 
** 
** 
** 
14.66 1624 19.31 
.52 
83 
2 
4 
6 
8 
12 
22 
575.26 
1229.10 
1603.85 
441.62. 
38.80' 
17.61 
21.17 
** 
** 
** 
** 
3891 20.73 
.46 
Dorset Polypay Rambouillet 
Source df MS* df MS df MS 
Cont Group 7 6 
Sex (S) 2 
Birth/rear (B/R) 4 
Age of Dam (A) 6 
S*B/R 8 
S*A 12 
B/R*A 22 
Error 
T,2 
1749 
.55 
245.90 
276.65 
721.50 
77.57 
7.09 
15.83. 
19.18' 
12.53 
.** 
** 
** 
** 
29 
2 
4 
6 
8 
12 
22 
1389 
.53 
365.06 
178.40 
635.98 
132.60 
12.89 
30.93 
26.65 
** 
** 
** 
** 
** 
** 
21 
2 
4 
6 
7 
9 
22 
12.45 1242 
.51 
604.03 
208.35 
146.38 
61.53 
13.94 
27.32 
7.92 
12.42 
** 
** 
** 
* * 
^Degrees of freedom. 
^Mean square. 
^Contemporary group includes common flock, year, season, 
and management. 
tp<.io. 
*P<.05. 
Table 8a. Least sopiares means (kg) ± standard errors for 60-d weight by sex, type-
of-birth/rearing (B/R), and age-of-dam (AGE) for each breed 
Breed 
Columbia Hampshire Suffolk Dorset Polypay Rambouillet 
Sex: E 24.55± .5 23.86±.26 25.02±.19 21.47±.21 21.00±.23 21.93+.24 
R 26.52± .5 26.35±.28 27.54±.21 23.76±.22 22.80±.25 23.79±.25 
W 24.60± .7 24.04±.43 25.56±.28 22.41+.36 21.97±.34 20.73±.77 
B/R: s/s 29 .011 .5 29. 351. 28 30. Oil. 22 26. 211. 21 26. 131. 28 25. 641. 35 
TW/S 27 .451 .8 26. 741. 42 27. 181. 34 23. 311. 40 23. 041. 50 23. 501. 45 
TW/TW 23 .941 .4 24. 321. 22 26. Oil. 18 22. 151. 17 21. 721. 19 21. 631. 31 
TR/TW 23 .661 .8 22. 921. 54 24. 631. 33 20. 301. 61 20. 261. 43 20. 291. 61 
TR/TR 22 .06+1 .2 20. 421. 71 22. 361. 32 20. 761. 56 18. 451. 32 19. 701. 49 
AGE: 1 22.63± .7 20.79±.48 23.371.29 20.87±.37 18.921.30 19.411.74 
2 25.391 .5 24.421.32 25.501.23 21.941.29 21.691.27 21.281.37 
3 26.081 .5 25.551.34 26.901.23 23.101.28 22.981.30 21.961.36 
4 26.761 .7 26.001.37 27.091.25 23.471.29 22.111.33 22.881.38 
5 24.681 .8 26.401.37 27.421.29 23.051.30 23.141.36 23.371.41 
6 27.011 .9 25.591.44 26.021.37 23.071.34 22.251.39 23.381.45 
>7 24.021 .8 24.521.42 25.961.35 22.331.34 22.361.40 22.771.39 
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Table 10a. Analyses of variance of 90-d weight, by breed 
Columbia Hampshire Suffolk 
Source df" MS* df MS df MS 
Cont Group 
Sex (S) 
Birth/rear (B/R) 
Age of Dam (A) 
S*B/R 
S*A 
B/R*A 
7 
2 
4 
6 
7 
9 
1184.19 
14.15 
215.08 
17.78 
79.10 
19.79 
** 
** 
16 41.54 
23 
2 
4 
6 
6 
12 
18 
533.60 
475.45 
490.75 
107.27 
23.17 
38.78 
40.23 
** 
** 
** 
** 
26 1049.13 
2 
4 
6 
8 
12 
21 
623.05 
452.65 
169.47 
41.11 
35.66 
59.12 
** 
** 
** 
** 
** 
Error 
2 R 
228 29.92 619 33.40 
.71 .53 
824 29.54 
. 6 2  
Source 
Dorset Polypay 
df MS* df MS 
Rambouillet 
df MS 
Cont Group 30 401.62 
Sex (S) 2 147.95 
Birth/rear (B/R) 4 269.40, 
Age of Dam (A) 6 49.35' 
S*B/R 7 20.00 
S*A 12 21.92 
B/R*A 18 22.01 
Error 708 21.89 
R^ .54 
** 
** 
** 
5 
2 
4 
6 
6 
9 
19 
287 
.53 
467.36 
8.95 
104.00 
27.55 
26.61 
13.02 
15.37 
17.20 
** 
** 
10 
2 
4 
6 
4 
11 
14 
220 
. 6 0  
284.94 
76.15 
260.33 
79.55 
36.93 
23.61 
47.65 
22.25 
** 
** 
** 
^Degrees of freedom. 
^Mean square. 
^Contemporary group includes common flock, year, season, 
and management. 
*P<.05. 
Table lia. Least squares means (kg) ± standard errors for 90-d weight by sex, type-
of-birth/rearing (B/R), and age-of-dam (AGE) for each breed 
Breed 
Columbia Hampshire Suffolk Dorset Polypay Rambouillet 
Sex; E 
R 
W 
33.56± .7 
37.59± .8 
32.25±1.9 
35.85± .6 
41.01± .6 
36.26± .9 
36.63± 
40.58± 
36.54± 
,4 31.40± .5 
.4 34.63± .5 
,8 33.22± .8 
27.09± .6 
28.79± .6 
26.52+1.0 
29.37±1.0 
31.85±1.0 
28.44±2.0 
B/R: s/s 39 .75± . 9 42. 38± .6 43. 13± .5 36. 41± . 4 30. 81± .8 35. 18± . 8 
TW/S 35 .51+1. 7 40. 18± .9 40. 48± .8 33. 07± . 7 29. 29±1 .1 33. 55±1. 2 
TW/TW 34 .43± . 8 36. 90± .4 38. 10± .4 32. 59± . 4 26. 68± .5 30. 99± . 7 
TR/TW 33 .05±1. 7 34. 24+1 .3 35. 01± .8 31. 50±1. 0 27. 32±1 .4 25. 70±1. 8 
TR/TR 29 .59+1. 8 34. 84±1 .8 32. 86+ .8 31. 84±1. 3 23. 23± .8 24. 00±3. 8 
AGE: 1 33. 02±1. 9 32. 33±1 .1 34 .27+ .7 31. 97± .8 23. 18± .8 24. 84±1. 7 
2 32. 64±1. 1 37. 16± .7 37 .31 + .5 32. 67± .6 27. 55± .7 29. 05±1. 2 
3 34. 79± . 9 39. 07± .8 39 .81 + .5 33. 26± .6 28. 83+ .9 31. 06+1. 2 
4 35. 82±1. 0 40. 42± .8 38 .57± .6 34. 56± .7 26. 31± .9 30. 55±1. 2 
5 35. 40±1. 3 38. 53± .8 39 .09± .7 33. 51± .7 29. 43± .9 30. 20±1. 5 
6 36. 31 + 1. 7 38. 45±1 .0 39 .27± .8 33. 40± .7 28. 43± .9 32. 14±1. 5 
>7 33. 29±1. 4 38. 00± .9 37 .08± .9 32. 20± .7 28. 53± .8 31. 36±1. 6 
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Table la. Analyses of variance of NLB, by breed 
Columbia Hampshire Suffolk 
Source df^ MS^ df MS df MS 
Cont groupG 
Age-of-ewe 
Error 
26 
6 
546 
.:E" 
.24 
51 
6 
1266 
1:33'' 
.25 
83 
6 
2900 
6:77" 
.30 
R2 
.17 .11 .10 
Dorset Polypay Rambouillet 
Source df^ MS^ df MS df MS 
Cont groupé 80 43 
,:S" 
17 1 :::: Age-of-ewe 6 6 6 2 
Error 1490 .25 1222 .30 849 .27 
R^ .15 .16 .16 
^Degrees of freedom. 
^Mean square. 
^Contemporary group includes 
and management. 
common flock, year, season, 
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Table 2a. Least squares means ± standard errors, for NLB, by 
age-of-ewe and breed 
Age-of-ewe Columbia Hampshire Suffolk 
1 1.132 ± .071 1.264 ± .055 1.305 + . 031 
2 1.522 ± .051 1.497 ± .031 1.574 ± .025 
3 1.629 ± .056 1.545 ± .034 1.697 ± .027 
4 1.738 + . 066 1.536 ± .039 1.677 ± .030 
5 1.619 + .081 1.618 ± .043 1.584 ± .035 
6 1.379 ± .095 1.601 ± .056 1.630 ± .043 
>7 1.487 ± .083 1.558 ± .050 1.585 ± .042 
Age-of-ewe Dorset Polypay Rambouillet 
1 1.207 ± .042 1.360 ± .043 1.255 ± .111 
2 1.458 ± .032 1.649 ± .043 1.489 ± .048 
3 1.522 ± .033 1.860 ± .051 1.580 ± .050 
4 1.627 ± .037 1.889 ± .057 1.734 ± .055 
5 1.724 ± .043 1.900 ± .062 1.780 ± .060 
6 1.581 ± .047 1.908 ± .072 1.751 ± .076 
>7 1.471 ± .046 1.682 ± .074 1.628 ± .059 
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Table 4a. Analyses of variance of KLW at 30 days, by breed 
Columbia Hampshire Suffolk 
Source df^ MS^ df MS df MS 
Cont groupé 10 95.  .96^ 11 129.  15** 27 252.  9o;* 
Age-of-ewe 6 98.  ,57 6 45.  97 6 153.  75 
Error 109 54.  ,32 147 40.  79 541 61.  51 
to
 
o
 
to
 
w
 
to
 
o
 
Dorset Polypay Rambouillet 
Source df^ MS^ df MS df MS 
Cont groupé 
Age-of-ewe 
Error 
32 
6 
294 
* * 
80.11 
27.77 
36.76 
25 
6 
676 
240.73** 
381.15 
40.82 
4 
6 
241 
1594.20** 
114.67 
26.31 
R2 
.20 .23 .51 
^Degrees of freedom. 
^Mean square. 
^Contemporary group includes common flock, year, season, 
and management. 
tp<.io. 
*P<.05. 
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Table 5a. Least squares means ± standard errors for KLW at 3 0 
days, by age-of-ewe and breed 
Age-of-ewe Columbia Hampshire Suffolk 
1 21.4 ± 1.8 19.2 ± 2.9 23.7 ± 1.0 
2 26.2 ± 1.2 22.6 ± 1.2 26.4 ± 0.8 
3 26.8 ± 1.5 22.3 ± 1.4 27.8 ± 0.9 
4 29.4 ± 1.9 23.5 ± 1.5 27.5 ± 1.0 
5 27.2 ± 4.0 25.7 ± 1.7 27.0 ± 1.1 
6 24.8 ± 3.9 20.9 ± 2.0 27.4 ± 1.8 
>7 24.8 ± 2.8 21.3 ± 1.7 28.0 ± 1.6 
Age-of-ewe Dorset Polypay Rambouillet 
1 20.4 ± 1.1 21.0 ± .8 13.0 ± 5.2 
2 22.0 ± .9 25.1 ± .7 20.0 ± .8 
3 22.6 ± .9 26.7 ± .9 21.2 ± .7 
4 22.7 ± 1.0 25.2 ± .9 23.2 ± .8 
5 22.6 ± 1.1 26.6 ± .9 25.0 ± 1.1 
6 22.1 ± 1.3 27.1 ± 1.0 21.4 ± 1.6 
>7 20.9 ± 1.2 25.8 ± 1.2 23.3 ± 1.1 
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Table 7a. Analyses of variance for KLW at 60 days, by breed 
Source 
Columbia Hampshire 
df" MS' df MS 
Suffolk 
df MS 
Cont group 
Age-of-ewe 
Error 
17 469.52 
6 693.15 
313 148.38 
** 
** 
47 1333.76 
6 980.78 
1071 173.13 
** 
** 
80 1721.46 
6 3411.73 
2353 226.63 
** 
** 
.19 .27 . 2 2  
Source 
Dorset Polypay Rambouillet 
df MS* df MS df MS 
Cont group 74 
Age-of-ewe 6 
Error 1125 
699.11 
500.15" 
137.24 
** 
** 
29 1060.93 
6 1334.75 
790 138.32 
** 
** 
2 1  2538.30 
6 1088.47 
825 129.96 
** 
** 
.27 .27 .35 
^Degrees of freedom. 
^Mean square. 
'^Contemporary group includes common flock, year, season, 
and management. 
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Table 8a. Least sçpaares means ± standard errors for KLW at 60 
days, by age-of-ewe and breed 
Age-of-ewe Columbia Hampshire Suffolk 
1 35.4 ± 2.1 36.9 ± 1.5 46.7 ± 1.3 
2 45.2 ± 1.5 43.1 ± .9 53.8 ± 1.1 
3 46.1 ± 1.7 44.0 ± 1.0 54.9 ± 1.3 
4 47.4 ± 2.3 44.2 ± 1.2 51.6 ± 1.6 
5 45.3 ± 3.0 46.7 ± 1.2 51.2 ± 1.7 
6 47.5 ± 3.2 46.6 ± 1.5 51.8 ± 2.3 
>7 42.3 ± 2.9 45.1 ± 1.4 48.7 ± 2.0 
Age-of-ewe Dorset Polypay Rambouillet 
1 35.9 ± 1.2 34.2 ± 1.1 30.3 ± 2.4 
2 37.5 ± .9 41.5 ± 1.0 37.0 ± .9 
3 40.2 ± .9 44.3 ± 1.2 38.0 ± .9 
4 41.3 ± 1.0 43.8 ± 1.4 41.9 ± 1.1 
5 40.6 ± 1.1 44.0 ± 1.5 43.2 ± 1.2 
6 38.6 ± 1.2 42.9 ± 1.7 43.0 ± 1.5 
>7 38.7 ± 1.2 43.2 ± 1.6 39.9 ± 1.1 
160 
Table 10a. Analyses of variance of KLW at 90 days, by breed 
Source 
Cont group 
Age-of-ewe 
Error 
Columbia 
df^ MS^ 
7 4329.03 
6 1535.00 
167 349.71 
.40 
Hampshire 
df MS 
23 1515.72** 
6 678.03 
424 433.76 
.19 
Suffolk 
df MS 
26 3241.81** 
6 929.00? 
549 475.87 
. 2 6  
Dorset Polypay Rambouillet 
Source df^ MS^ df MS df MS 
Cont group® 30 871.18 5 2337.04 10 51.75. 
Age-of-ewe 6 773.75 6 541.78 6 436.40? 
Error 498 284.00 180 232.56 187 220.66 
. 1 8  . 2 6  . 2 0  
^Degrees of freedom. 
^Mean square. 
^Contemporary group includes common flock, year, season, 
and management. 
fp<.io. 
*P<.05. 
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Table lia. Least squares means ± standard errors for KLW at 
90 days, by age-of-ewe and breed 
Age-of-ewe Columbia Hampshire Suffolk 
1 47.2 ± 5.8 57.5 ± 3.8 61.4 ± 3.0 
2 56.7 ± 3.2 62.2 ± 1.9 68.4 ± 2.1 
3 63.5 ± 2.9 64.9 ± 2.4 70.5 ± 2.2 
4 73.8 ± 3.2 68.3 ± 2.7 69.1 ± 2.6 
5 60.0 ± 4.3 68.0 ± 3.4 68.6 ± 3.1 
6 51.6 ± 5.9 66.6 ± 3.7 77.0 ± 4.1 
>7 58.0 ± 4.8 67.8 ± 3.2 65.4 ± 4.2 
Age-of-ewe Dorset Polypay Rambouillet 
1 46.9 ± 2.6 40.1 ± 2.9 43.0 + 4.4 
2 52.9 + 1.8 55.3 ± 3.0 49.0 ± 2.4 
3 52.4 ± 1.8 54.1 ± 3.8 55.3 ± 2.9 
4 55.0 ± 2.4 47.5 ± 4.4 48.7 ± 3.1 
5 59.3 ± 2.7 49.3 ± 3.7 50.9 ± 4.0 
6 56.5 ± 2.7 51.7 ± 3.9 58.0 ± 4.6 
>7 50.5 ± 2.7 53.3 ± 3.1 47.4 ± 4.2 
